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A streamlined method for puri tying alpha-1 -antitrypsin 
(AAT) from an AAT-containing prolein mixture, such as a 
Cohn fraction IV precipitate, is provided. In the method of 
the invention, contaminating proteins are destabilized by 
cleavage of disulfide bonds with a reducing reagent, such as 
a dithiol, which does not affect AAT. The destabilized 
proteins are then preferentially adsorbed on a solid protein- 
adsorbing material, without the addition of a salt as a 
precipitant. . Separation of the solid adsorbent from the 
solution leaves a purified AAT solution that is directly 
suitable for chromatographic purification, without the need 
for extensive desalting as ia prior art processes. A process 
incorporating Jtbis method, which provides pharmaceutical 
grade AAT in high yield on a commercial scale, is also 
described. 
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METHOD FOR PURIFICATION OF 
ALPHA-1 -ANTITRYPSIN 

FIELD OF THE INVENTION 

[0001] The invention relates to protein separation and 
purification methods. More specifically, the invention relates 
to the separation of alpba-1 -antitrypsin (AAT, also known as 
alpha- 1 proteinase inhibitor, API, and Aj-PI) from complex 
protein mixtures such as blood plasma fractions, and to 
methods for further purification of the separated AAT so as 
to provide a composition suitable for pharmaceutical use. 

BACKGROUND OF THE INVENTION 

[0002] Alpha-1 -antitrypsin (AAT) is a glyoopeptiele 
inhibitor of proteases, and is found in human serum and 
other fluids. Protease inhibition by AAT is an essential 
component of the regulation of tissue proteolysis, and AAT 
deficiency is implicated in the pathology of several diseases. 
Individuals who inherit an alpba-1 antitrypsin deficiency, for 
example, nave increased risk of suffering from severe early- 
onset emphysema, the result of unregulated destruction of 
luog tissue by human leukocyte elastase. The administration 
of exogenous human AAT has been shown to inhibit elastase 
and is associated witb. improved survival and reduction in 
the rate of decline of lung function in AAT-deficient patients 
(Crystal et al, Am. /. Respir. Crit. Care Med. 158:49-59 
(1998); see R. Mahadeva and D. Loroas, Tfwrax 53:501-505 
(1998) for a review.) 

[0005] Because of its therapeutic utility, commercial AAT 
production has been the subject of considerable research. 
Much progress has been made in the production of recom- 
binant AAT in E. coli (R. Bischoff et al., Biochemistry 
303464-3472 (1991)), yeast (K. Kwon et al.,/. BiotecfinoU 
ogy 42:191-195 (1995); Bollen et al, U.S. Pat. No. 4,629, 
567), and plants (J. Huang el al., BiotechnoL Prog. 17:126- 
33 (2001)), and by secretion in the milk of transgenic 
mammals (G. Wrigbt et al, Biotechnology, 9:830-834 
(1991); A. L. Archibald, Proc. NatL Acad. ScL USA, 
87:5178-5182 (1990)). However, isolation of AAT from 
human plasma is presently the most efficient practical 
method of obtaining AAT in quantity, and human plasma is 
the only FDA-appmved source, 

[0004] A number of processes for isolating and purifying 
AAT from human plasma fractions have been described, 
involving combinations of precipitation, adsorption, extrac- 
tion, and chromatographic steps. In order to minimize the 
risk of pathogen transfer, pooled human plasma intended for 
production of human AAT for therapeutic use is screened for 
the hepatitis B surface antigen, and for antibodies to the 
human immunodeficiency virus. As an additional precaution 
against transmission of infectious agents the purified prod- 
uct is ordinarily pasteurized by heating to 6(f C. for i0 
hours (Mitra et i)., Am. J. Med. 84(sup. 6A):87-90 (1988)) 
and sterile filtered. 

[0005] Most published processes for AAT isolation begin 
with one or more fractions of human plasma known as the 
Cohn fraction IV precipitates, e.g. Cohn fraction IV, or 
fraction IV,_ 4 , which are obtained from plasma as a paste 
after a series of elbanol precipitations and pH adjustments 
(B. J. Colin et al.,/. Amen Chem. St*., 68:459-475 (1946)). 

[0006] U.S. Pat. No. 3,301,842 describes a method for 
isolation of AAT from Cohn fraction I V s wherein an acridine 



or quinoline derivative is added to the paste in a buffer at pH 
6, the precipitate is discarded, and the pH adjusted to 7.0. 
Additional acridine or quinoline is added, and the precipitate 
is collected. This precipitate is dissolved in a pH 5.0 butler, 
sodium chloride is added, and the resulting precipitate 
discarded. The solution, containing the AAT, is further 
processed by methanol precipitation. Alternatively, ammo- 
nium sulfate precipitations at pH 8 and at pH 5 arc con- 
ducted with plasma, with the pH 5 supernatant being further 
processed as above with quinoline or acridine additives. 

[0007] Glascr et al, Preparative Biochemistry, 5:333-348 
(1975), disclosed a method for isolating AAT from Ouhn 
fraction IV, paste. The paste is stirred in a phosphate buffer 
at pH 8.5 in order to reactivate the AAT, which is largely 
deactivated by the pH of 5.2 employed in the Cohn frac- 
tionation. After dialysis and centrifugation, the supernatant 
is subjected to two rounds of anion exchange chromatogra- 
phy at pH 6.0 to 7.6 and al pH 8.6, followed by further 
chromatographic processing at pH 7.6 and at pH 8.0, to 
produce AAT in about a 30% overall yield. 

[0008] M. H. Coan el al, in U.S. Pat. No*. 4,379,087 and 
4,439358 (sec also M. H. Coan et al, VbxSang., 48:333-342 
(1985); M. H. Coan, Amer. J. Med, 84(sup 6A):32-36 
(1988); and R. H. Hcin et al, Eur. Respir. /., 3(sup 9): 16s- 
20s (1990)), disclosed a procedure wherein Cohn fraction 
IV paste is dissolved in a pH 6.5 to 8.5 buffer, polyethylene 
glycol is added, and Ihe pH is lowered to the range of 4.6 to 
5.7 to precipitate unwanted proteins. After centrifugation, 
AAT is isolated from the supernatant by anion exchange 
chromatography. Further processing provides a 45% yield of 
AAT with a purity of about 60%. Methods employing 
polyethylene glycol as a precipitant are also described in 
U.S. Pat. No. 4,697,003, US. Pat. No. 4,656,254, and 
Japanese paicnt JP 08099999, described below; and also by 
Hao et al, Proc. intl Workshop on Technology for Protein 
Separation and Improvement of Blood Ptas:na fraction- 
ation, Sep. 7-9, 1977, Reston, Va. 

[0009] Dubin et al., Preparative Biodtemistry 20:63-70 
(1990), disclosed a two step chromatographic purification, in 
which AAT was first eluted from Blue SEPHAROSE™ and 
then purified by gel filtration chromatography. 

[0010] Scbuttze and Heiraburger, in US. Pat. No. 3,293, 
236, disclosed purification of AAT using cation exchange 
chromatography with a citrate buffer, in combination with 
ammonium sul£ale fraclionation of human plasma. 

[OOU] Lebing and Chen, in U.S. Pat, No. 5,610,285, 
disclosed a purification process which employs an initial 
anion exchange chromatography, followed by cation 
exchange chromatography at low pH and low ionic strength, 
to purify human AAT from plasma and plasma fractions. The 
cation chromatography takes advantage of the fact that 
active AAT does not bind to the ion exchange column under 
these conditions while contaminating proteins, including 
dena hired AAT and albumin, are retained. 

[0012] Jordan et al, in US. Pat. No. 4,749,783, described 
the isolation of AAT from human plasma using affinity 
chromatography with monoclonal antibodies. See also Podi- 
arene et al, Vopr. Med. Khun. 35:96-99 (1989). 

[0013] Shearer et al., in European patent application EP 0 
224 811 and in the corresponding U.S. Pat. No. 4,656,254, 
disclosed an improved method for extracting AAT from 
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Conn fraction IV paste, in which the improvement consisted 
of treating the paste with a larger volume of buffer, at a 
higher pH, than hail been customary in the prior art. The 
combination of higher volume and higher pH increased the 
amount of AAT extracted from the paste. Unwanted proteins 
were precipitated by addition of polyethylene glycol, fol- 
lowed by centrifugation. An alternative procedure is dis- 
closed, which is essentially the procedure of Coan et ah, 
wherein after addition of polyethylene glycol, the pH is 
adjusted to the range of 4.6 to 5.7, and the acidified mixtuTC 
held for from one to sixty minutes to further precipitate 
unwanted proteins. The AAV is precipitated by addition of 
additional polyethylene glycol, and further purified by anion 
exchange chromatography. 

[0014) Arrighi et al., in European application EP 0717049, 
disclosed a process wherein fraction 1V 4 paste is stirred in a 
pH 8.2 buffer al 40° C for one hour, followed by precipi- 
tation of unwanted proteins with ammonium sulfate. The 
AAT is isolated from the supernatant by hydrophobic inter- 
action chromatography at pH 7. 

[0015] Kress et al., in Preparative Biochemistry 3:541-552 
(1973), dialyzed toe precipitate from an 80% ammonium 
sulfate treatment of human plasma, then cbromatograpbed it 
on DEAE-cellulose. The product was dialyzed again and gel 
filtered on SPEHADEX™ G-100. AAT-containing fractions 
were then chromatographed on DE-52 cellulose to give 
AAT. 

[0016] Japanese patent 59-128335 discloses I he precipita- 
tion of unwanted proteins from a plasma fraction by addition 
of polyethylene glycol at a pH between 5 and 7, followed by 
anion exchange chromatography. 

[0017] Bollen et a!., in U.S. Pat. No. 4,629,567, disclose 
the isolation of AAT from a culture of yeast carrying 
recombinant plasmids expressing AAT. The process begins 
with polyelhylene glycol precipitation al pH 6.5 to remove 
contaminating proteins, followed by anion exchange chro- 
matography at pi I 6.5 and subsequent chromatographic 
steps. 

[0018] Dove and Mitra, in US, Pat. No. 4,684,723, dis- 
close a variant of the method of Coan et al. (U.S. Pat. No. 
4,379,087 and U.S. Pat. No. 4,439,358) in which AAT is 
purified by a process comprising the steps of (a) holding a 
solution containing AAT al a pH of 6.5 to 8.5 for up to 24 
hours, (b) adding polyethylene glycol and an inorganic salt, 
so as to obtain a two-phase mixture, and (c) isolating the 
aqueous salt phase, which contains purified AAl*. 

[0019] Taniguchict al., in PCT application WO 95/35306, 
disclose a similar process, involving precipitation with poly- 
ethylene glycol in the presence of zinc chloride, followed by 
anion-exchange chromatography and chromatography on a 
metal chelate resin. 

[0020] Van Wietnendaele et al., in US. Pat. No. 4,857, 
317, also disclose a process for isolating AAT from the crude 
extract of an engineered yeast culture, which comprises 
addition of polyelhylene glycol at pll 6.1, ccotrifugation to 
remove precipitated proteins, addition of calcium chloride, 
storage for 24 hours al pH 7.0, and centrifugation to further 
remove contaminants. AAT is ihen isolated from the super- 
natant by subsequent chromatographic steps. 

[0021] Coan, in VS. Pat No. 4,697,003, discloses a 
method for isolating AAT from various Cohn plasma frac- 



tions which comprises the removal of cthanol and salts from 
an AAT-containing fraction, followed by anion-exchange 
chromatography on DEAE cellulose or a similar material 
under conditions such that the AAT is retained on the column 
whilo undesircd proteins arc eluted. Coan also describes 
"pasteurization** at about 60° C. or more for about 10 hours, 
which is staled to be sufficient to render hepatitis viruses 
non-infective. 

[0022] Coan discloses addition of carbohydrate as a sta- 
bilization agent, either alone or wi th sodium citrate, in order 
to stabilize the AAT at the pasteurization temperature. Suit- 
able carbohydrates are said to be mono-, di-, and Irisaecha- 
rides, and sugar alcohols such as sorbitol and mannitol. AAT 
is prone to both polymerization and to the adoption of 
inactive conformations upon beating; the presence of stabi- 
lizers reduces but does not eliminate thermal inadivaiion 
(D. Lomas et al., Eur. Resp. J. 10:672-675 (1997)). Size- 
exclusion HPLC analysis has shown that 10% of monomeric 
AAT is polymerized or aggregated when pasteurization is 
carried out according to the Coan process (M H. Coan ct al., 
Vox Sang., 48:333-342 (1985)). 

[0023] T. Bumouf et al., Vox Sang., 52:291-297 (1987), 
disclosed substantially the same procedure for isolating AAT 
from Kistlcr-Nitschmano supernatant A. DEAE chromatog- 
raphy of Cohn Fractions U+IU and size exclusion chroma- 
tography produced an AAT which was 80-90% pure (by 
SDS-PAGE) with a 36-fold increase in purity. Recovery was 
65-70%. 

[0024] Thierry, in European patent application EP 
0282363, also discloses a method of obtaining AAT Gum a 
Kistler-Nitschroann plasma fraction. Briefly, plasma is pre- 
cipitated with 10% cthanol at pH 7.4, and the supernatant 
precipitated again with 19% cthanol at pH 5.85. The super- 
natant from the second precipitation is applied to a DEAE 
anion-exchange column, and eluted a» pH 5.2 to provide 
AAT of aboii I 90% purity. 

[0025] Straocar et al., in PCT patent application WO 
95/24428, disclose a very similar method, employing a 
partial lar class of funelionalized anion-exchange media. 
Desalted Oohn fraction IV 3 is applied to the column, and 
contaminating proteins arc eluted with low salt buffer at a 
pH "close to the pKa of acetic acid" (The pKa of acetic acid 
is 4.74.) AAT is then eluted with 50 to 300 mM NaCl at pH 
7.4 to 9.2. 

[0026] Japanese patent JP08099999 discloses a method of 
obtaining AAT from Cohn fraction IV or IV a , which 
involves reduction of salt concentration to below about O.02 
M, adjusting the pH to 4.5 to 5.5, and contacting the solu tion 
with a cation exchanger to adsorb contaminating proteins. 

[0027] M. E. Svoboda and J. J. van Wyk, in Meth. Enzy- 
mohgy, 109:798-816 (1985), disclose acid extraction of 
Cohn fraction IV paste with phosphoric, formic, and acetic 
acids. 

[0028]- Glaser et al., in Anal. Biochem., 124:364-371 
(1982) and also in European Patent Application EP 0 067 
293, disclose several variations on a method for isolating 
AAT from Cohn fraction W t precipitate which comprises 
the steps of (a) dissolving the paste in a pH 8.5 buffer, (b) 
filtering, (c) adding a ditbiol such as DTT, and (d) precipi- 
tation of denatured proteins with ammonium sulfate. Glaser 
slates that the destabilized (DTT- reduced) proteins may be 
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precipitated by "suitable techniques such as salting, beating, 
change in pH, addition of solvents and the like." 

[0029] Glaser et al. describe one variation in which treat- 
ment with DTT is carried out in the presence of 2.5% 
AEROSIL™ fumed silica, prior to precipitation with 50% 
saturated ammonium sulfate. Recovery of AAT wax as good 
as it was- in the absence of the silica, and the purification 
factor was improved by about 70%, In both references, the 
authors relegate the silica to a secondary role, that of an 
additive that improves the results of tbe ammonium sulfate 
precipitation. Tbe effectiveness of silica alone, without 
ammonium sulfate precipitation, b> not recognized or 
described. If the concentration of the protein solution appre- 
ciably exceeds about 50 rog protcin/ml, AAT is reportedly 
lost by occlusion in the precipitate. 

[0030] Ralston and Droban, in U.S. Pat. No. 6,093,804, 
disclose a method involving the removal of lipoproteins 
from an initial protein suspension via a "lipid removal 
agent,'* followed by removal of "inactive AAT" via elution 
from an anion-exchange medium with a citrate buffer. The 
lipid removal agent is slated to be MICRO CEL™ E, a 
synthetic hydrous calcium silicate. In the presence of a 
non-citrate buffer, the anion-exchauge medium binds active 
AAT while allowing "inactive AAT* to pass through. A 
citrate buffer is specified for subsequent ciution of the AAT 
from the anion exchange medium, and also for later elution 
from a ca lion-exchange medium. Ralston and Drohan du not 
describe the use of a dtsu I fide-reducing agent. The process 
is stated to provide AAT with a product purity of >90%; and 
manufacturing scale yields of >70%. 

[0031] W. Stephan, in Vox Sanguinis 20:442-457 (1971), 
describes the use of fumed silica to adsorb lipoproteins from 
human blood serum solutions. The effect of silica adsorption 
on the concentrations of several plasma proteins, including 
AAT, was evaluated, and there was no significant loss of 
AAT. 

[0032] Mattes et al., in Vox Sanguinis 81:29-36 (2001), 
and in PCT application WO 98/56821 and published US 
patent application 2002/0082214, disclose a method for 
isolating AAT from Cohn fraction IV which involves cthanol 
precipitation, anion exchange crrom afograpfeyi and adsorp- 
tion chromatography on hydroxyapatite. The latter step is 
reported to remove inactive AAT, providing a product with 
very high specific activity. 

[0033) While AAT is an effective treatment for emphy- 
sema due to aJpha-1 -antitrypsin deficiency, treatment is very 
costly (currently about $25,000 per year), due to tbe limited 
supply and a complex manufacturing process. There remains 
a need for more efficient and cost-effective methods for 
isolating human AAT from plasma and other complex pro- 
tein mixtures containing AAT. In particular, ammonium 
sulfate precipitation followed by dialysis is a time-consum- 
ing process, that generates substantial amounts of waste 
water, and there is a need for scalable processes that do not 
require extensive dialysis while providing high yields of 
high activity, high purity AAT, Thermal pasteurization of 
AAT effectively reduces viral contamination, but it leads *o 
the formation of inactive AAT aggregates and polymers. 
Thus, there is also a need for highly pureAAT with reduced 
viral contamination but without significant amounts of inac- 
tive AAT aggregates and polymers, Tbe present invention 
addresses these needs. 



BRIEF DESCRIPTION OF THE INVENTION 
[0034] Tbe invention provides a method for purifying 
AAT from crude AAT-containing protein precipitates, which 
consists essentially of the following steps: (a) suspending 
the AAT-containing protein mixture in a buffer under con- 
ditions that permit the AAT to be dissolved; (b) contacting 
the resulting suspension with a disulfide- reducing agent to 
produce a reduced suspension; (c) contacting the reduced 
suspension with an insoluble protein-adsorbing materia); 
and (d) removing insoluble materials from tbe suspension. 
This process provides an enriched AAT preparation, directly 
suitable for chromatographic processing, with reduced costs 
and in less time than prior art processes. Additional purifi- 
cation steps may 1>e performed al the discretion of tbe 
practitioner, as described further below. 

[0035] More specifically, tbe process comprises the steps 
of: (a) suspending a crude AAT-containing protein precipi- 
tate in a buffer under conditions that permit tbe AAT to be 
dissolved; (b) contacting the resulting suspension with a 
disulfide -reducing agent, under conditions thai permit reduc- 
tion of intra-protcin disulfide bonds by the reducing agent, 
to produce a reduced suspension; (c) contacting the reduced 
suspension with an insoluble protein-adsorbing material, 
without the addition of a substantial amount of additional 
salts and (d) removing insoluble materials from tbe suspen- 
sion, so as to obtain a clarified protein solution. 
[0036] By "substantial amount of additional salts" is 
meant an amount of soluble salt or salts that will cause 
otherwise-soluble proteins to begin precipitating from the 
solution in significant amounts. Those salts ordinarily used 
to cause any degree of protein precipitation, in tbe amounts 
ordinarily used for such purposes, are specifically included. 

[0037] The method of the invention eliminates the salting- 
outstep which was taught by Glaser in EP 0.0^7 2^> wjn<:h 
in turn avoids the time and cost associated with the neecVtc* 
desalt the^Mrate by extensive dialysis. Furthermore, the 
ammonium sulfate precipitation employed by Glaser limited 
the concentration of the protein solutions that could be 
processed. If the protein concentration appreciably exceeds 
about 50 mg/ml in Glascr's method, AAT is reportedly lost 
by occlusion in the Acrosil/protcin precipitate. In the 
absence of ammonium sulfate, higher concentrations of 
protein should be usable without precipitation and occlusion 
of AAT, with associated savings in reagents and processing 
lime, and greater throughput per batch. Tbe process of the 
present invention involves two steps where protein concen- 
tration exceeds 100 mgAnl in the absence of ammonium 
sulfate, and no precipitation of AAT has been seen. 
[0038] The combination of a djsuflde-reducing agent and 
an insoluble protein-adsorbing material according to the 
invention is particularly effective at removing atbumin and 
transferrin, which are the major protein impurities in serum- 
derived crude AAT preparations such as Cohn fraction IV 
precipitates. After removal of the protein-adsorbing material 
by filtration, both albumin and Jransferrio levels are below 
(he detection limits of nephelometry when conducted as 
described herein. Further processing as described herein 
provides AAT with an average purity of 98% by SDS-PAGE 
(reduced), and high specific activity, averaging 1.06 mg 
functional AAT/mg. Compositions with purity greater than 
99% by SDS-PAGB, and having specific activities up to 1.12 
mg functional AAT/mg protein, can be obtained by the 
methods disclosed herein. 
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[0039] Tbc crude AAF- containing protein precipitate may 
be derived from various sources, including but not limiied to 
human serum, serum from a transgenic mammal that 
expresses human AAT, or milk from a transgenic mammal 
that secretes human AAT in its milk. The source is preferably 
serum. If the source is serum, tbe precipitate is preferably a 
Cobn fraction IV precipitate, more preferably Cohn fraction 
IV lt and most preferably Cohn fraction IV,. 4 . There are 
variations, known to those of skill in the art, in the method 
for preparing Cohn fractions, and any of them may be 
employed in the present invention. 

[0040] Tbe suspension buffer may be any aqueous buffer 
in which AAT is soluble, and is used in a volume sufficient 
to dissolve most or all of tbc AAT present in the precipitate, 
Tbe preferred volume for suspension of Cohn fraction I V a 4 
is between 6 and 10 liters per kg of precipitate paste. 
Examples of buffers include, but are not limited to, citrate, 
phosphate, and 1\is buffers. The preferred buffer is Tris, 
preferably 100 mM Tris with 20 mM NaCI. The preferred 
pH is between 8.80 and 8.95. 

[0041] The disulfide-retlucing agent may be any dithiol 
commonly used to reduce disulfide bonds in proteins, 
including but not limited to ditbiothrcitol (DTT), ditbio- 
erytbrilol (DTE), 1,2-ethanedithiol, 1,2-propaneditbiol, 1,3- 
propanedithiol, and the like; or a phosphine such as iribu- 
tylphosphine or trimeihylpbospbine. The disulfidc-reducing 
agent is preferably a dithiol, and most preferably dithiothrei- 
tol. 

[0042] Tbe insoluble protein-adsorbing material may be 
any of various known adsorbents for hydrophobic proteins, 
such as fumed silica; silica hydrogcls, xcrogcls, and aero- 
gels; calcium, aluminum and magnesium silicates; certain 
clays or minerals; and mixtures thereof. Such materials are 
commonly used for the clarification of food oils and bever- 
ages, aotl are well-known to those of skill in Ihe art. 
Preferably the protein-adsorbing, material is a silica adsor- 
bent, more preferably a fumed silica such as that sold Under 
the trade name ABKOS1L™. 

[0043] Tbc invention also provides a novel combination of 
purification and virus reduction and inactivation steps, 
which produces a high-safety and high-purity AAT suitable 
for pharmaceutical use. Specifically, while the use of dithio- 
tbreiiol and fumed silica in AAT purification processes has 
been described previously, the combination of the two in the 
absence of high temperatures or a precipitating agent such as 
ammonium sulfate has not been described previously. Sur- 
prisingly, it has been found that tbe omission of a precipi- 
tating agent from a ditbiothreitol-AEROSIL™ treatment 
step provides a highly effective purification stage. Further- 
more, while the uses of dithiothreitol, AEROSIL™, anion 
exchange chromatography, hydrophobic interaction chroma- 
tography, pasteurization, and nanofiltration have each been 
previously described in the literature, these particular steps 
are now combined for tbe first time in a purification process 
suitable for industrial manufacture of pharmaceutical grade 
AAT. 

[0044] The present invention provides a preparation of 
AAT characterized by the following properties: 

[0045] (a) the alpha-l-antitrypsin contains less than 
6%, preferably less, than 2%, and most preferably 
less than 1% contaminating proteins by SDS-PAGE, 
and con l a ins 
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[0046] (b) less than 0.1% Albumin; 

[0047] (c) less than 0.8%, and preferably less than or 
equal to 02% aj-acid glycoprotein; 

[0048] (d) less than 0. 1% c^-macroglobulin; 

[0049] (e) less than 0. 1 % apol ipoprote in A 1 ; 

[0050] (Q less than 0.5%, and preferably less than or 
equal to 0.1% antithrombin 111; 

[0051] (g) less than 0.1% ceruloplasmin; 

[0052] (h) less than 0.5%, and preferably less than 
0.1% haptoglobin; 

[0053] (i) less than 0.2%; and preferably less than 
dl%^lgA;^ : - 

[0054] #less than 0.1% IgG; 

[0055] (k) less than 0. 1 %. transferrin; 

[0056] (1) the specific activity of tbe alpba-l-antit- 
rypsin is al least 0.99 rng functional AAT/mg, when 
using as an extinction coefficient Ej ^ m>7ao nm *«5.3; 

[0057] (m) less than 8%, and preferably less than 5%, 
of the product is of a higher molecular weight than : 
moncnoericAAT, 

[0058] (n) the apparent ratio of active to antigenic 
AAT is greater than 1.08, preferably greater than 
1.16, and most preferably greater than 1.23, when 
measured by emlpoint nephelometry; 

[0059] (o) enveloped viruses are reduced by at least 
11 logjo um ' te » and non -enveloped viruses by at least 
6 Iog l0 unUs, when measured in spiking studies using 
human and model viruses representing a wide range 
of physico-chemical properties; and 

[0060] (p) the product is stable for at least 2 years 
when stored lyophilized al up to 25° C. 

[0061] The apparent ratio of active to antigenic AAT in the 
product of : the present invention is greaterthanunity because, 
the punty .product <of : the present 

invention is greater than that of the refere'nee standard, 
which is a .prior art composition. Antigenic levels, as deter- 
mined by endpoint nephelometry, are measured against the 
current protein standard (product No. OQIM15, supplied by 
Dade-Behring, Decrfield, 111.), which is calibrated directly 
against the internationally-recognized Certified Reference 
Material 470 (Reference Preparation for Proteins in Human 
Scrum; sec J. T. Whicber ct al., Clin. Ctienu 40:934-938 
(1994)), using reagents and AAT antibody (Dade-Behring 
product No. OSAzl5), as supplied for tbe Dade-Behring 
Nephelometer 100.. 

[0062] All publications and patent applications specifi- 
cally referenced herein are incorporated by reference in their 
entirety. Unless defined otherwise, all technical and scien- 
tific terms used herein have tbe same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. The term "AAT refers to human AAT 
generally, whether heterogeneous or homogeneous, and 
whether isolated from human serum or from a recombinant 
organism. The term is intended to embrace pharmacologi- 
cally effective naturally-occurring variants (see for example, 
Brantly ct al,Am. J. Med. 84(sup.6A):13-3l (1988)), as well 
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as pharmacologically effective non-natural forms of human 
AAT, including but not limited to those having non-human 
glycosylalion patterns, N-lenninal methionine, or altered 
amino acids. Those of skill in the art will appreciate that 
methods and materials similar or equivalent to those 
described herein can be used in the practice of the present 
invention, and such equivalents are anticipated to be within 
the scope of tbe invention. The preferred embodiments 
described below are provided by way of example only, and 
the scope of the invention is not limited to the particular 
embodiments described. 

BRIEF DESCRIPTION OF THE FIGURES 

[0063] FIG. 1 is a flow chart showing an overall AAT 
purification process that incorporates the present invention. 

[0064] FIG. 2 is an SDS-PAGE gel showing the proteins 
present in the products produced by the process of the 
invention at various stages. Lane 1, molecular weight mark- 
ers; Lane 2, Plasma (Cryo-Poor); Lane 3, Fraction IV 14 
Extract; Lane 4, DTT/Aerosil-Treated Extract Filtrate; Lane 
S, 1EC Eluale; Lane 6, HIC Effluent; Lane 7, final container. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0065] The particul ar embodiment of the invention exem- 
plified below employs a particular Cohn fraction IV paste 8S 
a starting material, but the use of similar plasma fractions is 
contemplated to be within the scope of the present invention. 
Alternative starting materials include but are not limited to 
other AAT-containing Cohn fractions (see VS. Pat. No. 
4,697,003), a precipitate from Kistler-Nilschmann superaa- 
tarts A or A+I (P. Kisllcr, H. S. Nitschmann, Vox Sang., 
7:414-424 (1962)), and ammonium sulfate precipitates from 
plasma as described by Schultze et al. in U.S. Pat. No. 
3,301,842. The use of protein precipitates derived from 
cultures of AAT-produciog recombinant cells or organisms, 
or precipitates derived from the milk or serum of transgenic 
mammals, is also contemplated to be wilhin the scope of Ihe 
present invention. 

[0066] There are many methods known in the art for 
selectively precipitating proteins from solution, such as by 
the addition of salts, alcohols, and polyethylene glycol, often 
in combination with cooling and various pH adjustments. It 
is anticipated that the present invention will be applicable to 
roost AAT-containing protein precipitates containing recov- 
erable AAT activity, regardless of how they are initially 
prepared. Tbe term a cn»de AAT-containing protein precipi- 
tate" is used herein to refer to any AAT-containing protein 
precipitate prepared by one or more of these known meth- 
ods, whether from serum, milk, ceJI culture, or other original 
source. 

[0067] In a preferred embodiment, described below, the 
crude AAT-containing protein precipitate is suspended in a 
Tris buffer, and treated with dithiothreitol (DTT, a preferred 
disul fide-reducing agent) and fumed silica (a preferred pro- 
tein-adsorbing material) in order to remove contaminating 
proteins and lipids. Where the precipitate is Cohn fraction 
IV, the two major protein contaminants thus removed are 
albumin and transferrin. DTT and other dithiols, as well as 
phospbines, are known in the art to reduce intrachain and 
inter-chain disulfide bonds. Cleavage of structurally impor- 
tant disulfide bonds causes partial unfolding and deslabili- 



zation of those contaminating proteins that have disulfide 
bonds. AAT itself is not destabilized by DTT treatment 
because it has no intrachain disulfide bonds. 

[0068] Fumed silica is known to bind preferentially to 
hydrophobic proteins. It is theorized that in the method of 
the invention, the destabilized contaminating proteins bind 
to a protein-adsorbing material such as fumed silica because 
the partial unfolding caused by disulfide bond cleavage 
exposes the proteins' inner core of hydrophobic residues. 
The scope of the invention is not limited, however, to any 
particular theory of operation. 

[0069] In a preferred embodiment, described below, the 
protein-adsorbing material, together with the adsorbed con- 
taminating proteins, lipids, and other insoluble material,, is 
removed from the suspension by filtration so as to obtain a 
clarified AAT-containing protein solution. Filtration is pref- 
erably carried out with tbe assistance of a filtering aid such 
as Celite™ diatomaceous earth, and preferably the suspen- 
sion is recirculated through the filter until a clarity of <10 
nephelometer turbidity units (NTU)/rol is achieved. The 
filtrate is further processed by chromatographic techniques 
to afford highly pure and highly active AAT. Other methods 
of separation known in the art, for example ccntrifugation, 
could also be employed in place of filtration. The practitio- 
ner will select tbe method appropriate to the scale of 
operations and tbe nature of tbe protein-adsorbing material. 

[0070] After removal of insoluble materials, tbe AAT- 
containing solution may be further processed by any of the 
methods known in the art for protein purification, particu- 
larly the methods already known to be suitable for purifi- 
cation of AAT. In a preferred embodiment described below, 
the filtrate is first subjected to ion exchange chromatography 
("IEC) with salt gradient" clution. The chromatography 
column contains an anion exchange resin which consists of 
a porous resin support matrix to which positively charged 
groups are oovilcnlly attached. Tbcsc positively charged 
groups revcrsibly bind anions, including proteins with 
anionic groups such as AAT. 

[0071] AAT, and other proteins which have a net negative 
charge at the pH of the eluting buffer, bind to the 1EC 
column. Contaminating proteins having little or no negative 
charge pass through the anion exchange resin column with- 
out binding and exit with the column effluent. Those con- 
taminating proteins that do bind to the column are then 
separated from tbe AAT by gradient elution. The salt con- 
centration is gradually increased as ihe column is cluted in 
order to release sequentially the various proteins that are 
bound to tbe resin. 

[0072] in a preferred embodiment, described below, the 
AAT-containing eluatc from tbe IEC column is subjected to 
hydrophobic interaction chromatography ("IIIC'% This type 
of chromatography employs a support matrix to which 
moieties are covalently attached. In an aqueous environ- 
ment, these hydrophobic moieties bind reversibly to hydro- 
phobic molecules, such as the contaminating proteins 
remaining in the IEC eluate. AAT is relatively non-hydro- 
pbbbic, therefore the majority of the AAT flows through the 
column during the elution of the column with buffer, while 
the more hydrophobic contaminating proteins remain bound 
to the column. The column effluent thus contains tbe purified 
AAT. In practice, AAT has been found to have a slight 
aJBnity for certain HIC column media, and in such cases 
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further elution with several volumes of wash buffer may be 
desirable in order to recover substantially all of the AAT in 
the originally-applied sample, 

[0073] After such additional purification steps as are 
required to reach the desired level of purity and activity, the 
AAT solution Is then concentrated and sterilized. In a 
preferred embodiment, described below, the AAT is at a 
pharmaceutical^ acceptable level of purity and activity after 
the hydrophobic interaction chromatography, and no addi- 
tional steps are necessary. In a preferred embodiment, 
described below, concentration is accomplished by ultrafil- 
tration followed by dialysis nitration (dia fill ration). In these 
techniques, solvent and dissolved salts and small molecules 
arc passed through a filtering membrane, leaving behind a 
more concentrated protein solution. Remaining salts and 
small molecules in the protein solution are then exchanged 
with a different buffer by continuous addition of several 
volumes of the new buffer to the product, whik maintaining 
a constant product volume by continuously passing solution 
through the same membrane. 

[0074] The AAT is then provided with a pharmaceutic lly 
acceptable buffer, and tynphilized by methods known in the 
art, preferably by methods known to be suitable for prepar- 
ing AAT therapeutic formulations. 

[0075] Proteins isolated from mammalian sources may 
contain pathogenic viral contaminants, and it is desirable to 
reduce or eliminate such contamination in pharmaceutical 
compositions. Methods of viral reduction are known to those 
of skill in the relevant arts. The methods contemplated to be 
applicable to the present invention include, but are not 
limited to, pasteurization, irradiation, solvent/detergent 
treatment, disinfection, filtration, and treatment with super- 
critical fluids. Solvent/detergent treatment can be carried 
out, for example, by contacting a protein solution with a 
polyoxyethvlene sorbiian ester and tributyJ phosphate (see 
U.S. Pat. No. 4,820,805; see also WO 95/35306" for appli- 
cation of the method to an AAT composition.) Disinfection 
of a protein solution can be carried out by exposing the 
solution lo a soluble pathogen inactivating agent, for 
example as disclosed in US. Pat Nos. 6.106,773, 6,369,048 
and 6,436344, or by contact with an insoluble pathogen 
inactivating matrix, for example as disclosed in VS. Pat. 
No. 6,096,216 and references therein. Filtration may be 
through 15-70 nm ultrafilters (e.g., VirAdard™ filters, A/G 
Technology Corp.; Pianova™ filters, Asahi Kasei Corp.; 
Vircsolve™ filters, Milliporc Corp.; DV and Omega™ fil- 
ters, Pall Corp.) Irradiation may be with ultraviolet or 
gamma radiation; see for example VS. Pat. No. 6,187,572 
and references therein. Inactivation of viruses by treatment 
with supercritical fluids is described in U.S. Pat. No. 6,465, 
168. Pasteurization of a pmtein solution may, lie accom- 
plished by heating within the limits dictated by the thermal 
stability of the protein to be treated. In the case of AAT, 
pasteurization is usually accomplished by heating to about 
60-70° C. In a preferred embodiment, described below, viral 
reduction of the AAT concentrate is carried out by pasteur- 
ization and ultrafiltration. Stabilizing additives may be 
added to. protect the AAT from thermal degradation during 
the pasteurization step, as disclosed for example in US. Pat. 
No. 4,876,241. Sucrose and potassium acetate are preferably 
added as stabilizers, and the stabilized AAT solution is then 
pasteurized at about 60° C. lo reduce viral contamination. 
The amount of sucrose is preferably al least 40%, more 



preferably at least 50%, and most preferably about 60% by 
weight. Use of less than 40% sucrose has been found to 
result in undesirable levels of aggregation of the AAT. The 
amount of potassium acetate is preferably al least 4%, more 
preferably at least 5%, and most preferably about 6% by 
weight. 

[0076] After viral reduction, the AAT solution may option- 
ally be diluted and ultrafiltered, then re-concentrated and 
sterilized, e.g. by filtration. The sterilized AAT-containing 
concentrate may then be lyophilized to form a therapeutic 
product. A suitable composition for preparing a lyophilized 
AAT powder is shown in Table 1. 

TABLE 1 



Cwnpoitiion of AAT solution for rvopbflization 

Concentration 



Component Function 3-QgMd 



AAT* 


Active Ingredient 


50 oig/mL 0 


Sodium Phosphate 0 


BufiEd, Tonicity 


20 mM 


Sodium Chloride USP 


Tonicity 


40 mM 


Mannitoi USP 


Stabilizing Agent 


3% 


Sodium Hydroxide 


To adjust pH 


ns needed 


Hydrochloric Add ACS 


To adjust pH 


as needed 


Water for Injection USP - 


DUucatfVtbicle 


20 ml/Vial 



*rhc final product is £96% AAT » determined by SDS-PAGE end *93fc 
monomer by HPLC. 
t Tunclion»l AAT activity per ml 

•Added as Monobasic Sodium Phosphate Monohydrate or Dibasic Sodium 
Phosphate. 

-Added as Sterile Water for Injection USP. 

[0077] The final formulation will depend on the viral 
inactivation stcp(s) selected and the intended mode of 
administration. Depending on whether the AAT is to be 
administered by injection, as an aerosol, or topically, the. 
AAT may be stored as -a i lyophilized powder, a liquid; or tP 
suspension^ The compratjoii sbov^ jn Table 1 is suitable for 
injection, abd may be iyopftUzcd and- stored m-glass vials 
for later reconsnrutioh with sterile water TCe composition of 
a suitable dry powder formulation for inhalation is shown in 
Table 2. Such a formulation is suitable for inhalation admin- 
istration as described in VS. Pat No. 5,780,014, either wilh 
a metered dose inhaler, or with a pulmonary delivery device 
such as is disclosed in U*S. Pat. No. 6,138,(568- 



TABT,E 2 



Composition of AAT Formulation for Aerosol Administration 




Nominal CoDtent 


Component Function 


(per unit dose) 


AAT Activ* Ingredient 


7.440 mg« 


Sodium Citrate Buffer 


0.059 mg 


Citric Acid Buffer 


0.001 mg 



'corresponds to 6 mg functions] AAT, nnd a delivered dose of approxi- 
mately 3.6 mg function si AAT. 



[0078] Assays for determining the quantity and quality of 
AAT nre Vnown in the art and may be employed for 
evaluating the efficiency of the method. An example of an 
immunoassay involving a monoclonal antibody specific for 
AAT, used for measuring or detecting AAT in biological 
fluids, is disclosed in VS. Pat. No. 5,114,863. An example 
of the use of rate nephelometry fe disclosed in U Gaidulis el 
al., dirt Chem. 29:1838 (19ch). AAT functional activity 
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may be assayed by measuring its elasiase inhibitory capacity 
using a chromogenic. substrate for elastase, as described in 
U.S. Pat. No. 4,697,003. AAT may also be assayed by 
measuring its trypsin inhibitory capacity in a similar maimer. 
In a preferred embodiment, AAT is assayed by endpoint 
nepbclometry, as described elsewhere in this specification. 

[0079] The quantity of proteins may be determined by 
methods known in toe art, for example the Bradford assay, 
or by absorbance at 280 on using as an extinction coefficient 
Hi cm.** um 1% -*3 (R- Panned D. Johnson, and J. Travis, 
Biochemistry 13:5439-5445 (1974)). SDS-PAGE with stain- 
ing and densitometry may be used to assess purity of the 
sample and detect the presence of contaminating proteins. A 
reducing agent such as dilbiothreitol is preferably used with 
SDS-PAGE to cleave any disulfide- linked polymers, thereby 
facilitating the comparison of lolal AAT to total non-AAT 
protein. Size-exclusion HPLC may also be used to assess 
purity of the sample and detect the presence of both con- 
laminating proteins and aggregate or polymeric forms of 
AAT Analysts of four lots prepared by Ibe melhotl of the 
invention showed AAT protein purity by SDS-PAGE 
(reduced) of at least 98%, an AAT monomer coment of at 
least 95%, and specific activity averaging 1.0(> mg func- 
tional AAT/mg protein (Table 3). 



tABT£3 



Let 


S> AAT Punly 
by SDS-PAGE 
(reduced) 


Purity of AAT 

% Monomelic AAT 

byirruc 


Specific Activity 
(mg functional 
AAT/mg) 


A 


-98 


95 


1J0 


B 


99 


95 


1.09 


C 


98 


95 


1.05 


D 


98 


96 


1.04 



[0080] Preferred conditions for the methods of the inven- 
tion are as follows: 

[0081] 1. Preparation of Conn Fraction 1V 3 .«. 

[0082] Human pi asma is cooled to -2 to 2° C. and adjusted 
to a pH of 6.9 to 7J5. Cnld clhanol is added to a concentra- 
tion of 6 to 10%, and the temperature is lowered to -4 to 0° 
C 'Ine precipitate that forms ("Fraction 1") is removed by 
centrifugation or filtration. 

[0083] The filtrate or supernatant from the above proce- 
dure is adjusted to pH 6.7 lo 7.1, and' cold ethanol is added 
lo a concentration of 1 8 lo 22%. The temperature is lowered 
to -7 to -3° G, and the mixture is again subjected lo 
centrifugation or filtration. The precipitate that forms 
("Fraction H+JU") is set aside for other purposes. 

[0084] The filtrate or supernatant from the above proce- 
dure is adjusted to pH 4.9 to 5.3 and the ethanol concen- 
tration is adjusted lo 1 6 to 20%. The temperature is adjusted 
to -7 to 3° C. After the suspension settles, it is adjusted to 
pH 5.7 lo 6.1 and the etbanol concentration is adjusted to 40 
to 44%. The precipitate that forms ("Factum IV a _ 4 ") is 
removed by centrifugation or filtration, and stored until 
needed in the form of a paste. Fracrion IC,. 4 contains AAT 
as well as contaminating proteins and lipids. 



[0085] 2. Purification with DTT and Silica. 

[0086] The Fraction lV a ^ paste is suspended in a suspen- 
sion buffer (e.g., 100 roM Tris, 20 mM NaCl, pH between 
about 7.5 and about 9.5, preferably between about 8 and 
about 9) and stirred for a minimum of one hour at low 
temperature. The amount of buffer used ranges from 6 to 10 
kg of buffer per kg of the plasma-containing fraction. 

[0087] The Tris buffer suspension is then treated with 
dithiothreitol (DTT) and fumed silica. DTT is added to the 
Iris buffer suspension a I a concentration in the range of 
about 10-50 mM. The solution is stirred for at least 30 
minutes, preferably 24 hours, at low temperature, and 
preferably al a pH of about 8-9. Fumed silica is added at a 
concentration of approximately 100-300 g fumed silica per 
kg Fraction IV precipitate. The suspension is stirred for at 
least 30 minutes, preferably 1-4 hours, at low temperature, 
at a pH of about 8-9. A filter aid such as CeUtc™ is added 
at the rate of five parts filter aid one part silica, by weight, 
and the mixture is stirred for approximately 15 minutes. The 
soluble AAT product is separated from the precipitated 
turned silica and contaminating proteins using a filter press, 
yielding ibe AAT final filtrate. Preferably, the suspension is 
recirculated through the filler press until the desired level of 
clarity is obtained. The AAT final filtrate is then treated 
further as follows. 

[0088] 3. Ion Exchange Chromatography. 

[0089] The AAT final filtrate is applied directly onto a 
chromatography column containing an anion exchange resin 
equilibrated with an IEC equilibration buffer. Contaminants 
are removed from the column by washing the column wilh 
an IEC wash buffer, and AAT is subsequently clutcd using 
an IEC clution buffer. 

[0090] 4. Hydrophobic Interaction Chromatography 

One). 

[0091] The eluate from the EEC column is prepared for 
HIC by adding ammonium sulfate to a final concentration of 
about 1 M. The solution is then filtered and applied to a 
hydrophobic interaction chromatography column which is 
equilibrated in a HIC wash buffer. Initial clution with a wash 
buffer provides an AAPcontaining effluent, and elution with 
additional wash buffer removes any AAT retained on the 
column. The combined effluent and washes are concentrated 
by ultrafiltration, and diafiltered into a phosphate buffer. The 
final AAT concentration Is preferably no greater than 7% 
protein. 

[0092] 5. Pasteurization 

[0093] The AAT concentrate is stabilized for pasteuriza- 
tion by the addition of sucrose and potassium acetate, and 
pasteurized at about 60° C for 10-11 hours. The pasteurized 
solution is held at 2-8° C. pending further processing. 

[0094] 6. Nanofiltration 

[0095] The pasteurized AAT solution is diluted with a final 
formulation buffer. The diluted, pasteurized AAT solution is 
Iben filtered through two new YM-100 (Amicon) spiral- 
wound ultrafiltration cartridges. This nanofiltration step 
serves as a second primary viral reduction step. Viruses are 
retained by the membrane, which has a nominal 100,000 
Dalton molecular weight cut-off, while AAT, which has an 
approximate molecular weight of 50 kD, passes through. 
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The AAT is collected in the permeate of the second filter and 
in filter post -washes. The final filtrate is collected in a bulk 
receiver and held a I 2-8° C 

[0096] 7. Sterile filtration and lyophilization 

[0097] The AAFcontaining final filtrate is concentrated 
and diafiltered into final formulation buffer at a temperature 
of no more than 15* C. to form a final bulk solution. This 
solution is clarified and sterilized by passage through a 
scries of sterile, bacterial-retentive filters. The sterile bulk 
solution is filled into sterilized glass final containers. The 
filled containers are freeze-dried and then sealed under 
vacuum. 

[0098]-., -The product is £96% pure AAF as determined by 
bom SDS-PAGE and im such as EUSA 

or'nepj^^etrtya^ 

HPLC. The recove ry based on the functionally active AAT 
content of lbe;€oJb^ 

EXAMPLES 

[0099] Fraction I V w Precipitate (667 kg) was isolated via 
the Cobn plasma fractionation process from 9026 liters of 
human plasma. The material was drvided into nine batches 
of approximately 75 kg each. Each batch was suspended in 
Tris Buffer, using 6 to 10 parts buffer (w/w) relative to the 
presscake. The suspensions were stirred for al least 15 
minutes, the temperature was adjusted to 2°«8° C, and the 
pH of each suspension was adjusted to $.80*8.95 with 1 N 
sodium hydroxide or 1 N hydrochloric acid as necessary. 
The suspensions were stirred for 15 to 105 minutes (average 
45 min), and monitored for protein (Bradford assay) and 
potency. Specific activity of each batch ranged from 0.027 to 
0.O45, and averaged 0.037 mg functional AAT per mg 
protein. Approximately 12% of the total protein was albu- 
min, and approximately 22% was transferrin. 

[0100] Dithiothreilol (DTT) was added lo a final concen- 
tration of 0.01 to 0.05 M DTT (average 0.03 M) based upon 
the amount of Tris Buffer in each batch. After a pre-mix 
period of at least 15 minutes, the temperature was adjusted 
to 2°-8° C. and the pH rc-adjustcd to 8.80-8.95, and the 
solutions were stirred for 2 to 8 hours (average 3 hours). If 
necessary, the pH was again adjusted to 8.80-8.95. 

[0101] AerosuV™ 380 (Degussa AG, Frankfurt-Main) was 
added at the rate of 13.4 to 18.6 g per liter plasma input 
(average 16.7 g). The suspensions were stirred for 1 to 4 
hours (average 1 hour) at 2-8* C. 

[0102] Cetite™ 545 was added to each suspension at the 
rate of 5 parts Celtic to 1 part Aerosil, and the suspensions 
were stirred at 2-8* C. Each suspension was then recircu- 
lated through a plate and frame filter press, holding 25x25 
inch Cuno™ A2605-10CP filter pads (cellulose pads with 
inorganic filter aids; nominal cutoff 1 micron). When the 
turbidity was §10 NTU.by nepheiometry (minimum of 15 
min.), re-circulation was discontinued and the filtrate was 
collected. The fitter press was post-washed with TRIS 
extraction buffer at 2-8* C. The postwashes were combined 
with the initial filtrate solutions, and total protein in solution 
was determined by the Bradford protein assay. The filtrates 
were held at 2-8° C. for no longer than 19 hours. Based on 
AATacdvity, the filtrates contained a total of 1557 g of ATT, 
corresponding to a 59% yield of the activity present in the 
original suspension of Fraction IV paste, and a purification 



factor of 1.5. (In view of the activity present after subsequent 
processing, these values appear to be low, possibly due to the 
presence of unidentified factors interfering with the AAT 
assay.) Specific activity for each of the nine batches ranged 
from 0.042 to 0.064, and averaged 0.056 mg functional AAT 
per mg protein. Albumin and transferrin were below detec- 
tion limits (total protein contained less than 0.5% albumin 
and less than 2.5% transferrin.) 

[0103] A 92-liter, 30 cm high ion exchange chromatogra- 
phy (IEC) column loaded with TMAE Fractogel™ (EM 
Industries, Hawthorne, N.Y.) was equilibrated with IEC 
equilibration buffer (50 mM TVis, pH 8.3-9.3, 20-25° C). 
Following equilibration, conductivity of the effluent was 
verified to bo £1.25 mS/cm. Each filtrate from the previous 
step was warmed to 20-25° C. and filtered through a Cuno 
Zeta Plus™ 90SP cartridge (45115-12-90SP, nominal MW 
cutoff of 0.1 micron) before loading onto the column with 
control of How rate (^3.0 cm/minute) and column pressure 
(2*20 psi). Total protein loaded onto the TEC column was 
limited to no more than 70% of the resin capacity. The 
column was then washed with five column volumes of IEC 
wash buffer (50 mM Tris, 25-70 mM NaCl gradient, pH 
7.1-7.7) at 20-25° C, with control of flow rale (53.0 
cm/minute) and column pressure (£20psi). The e&luent was 
monitored by Bradford protein determination, assay of AAT 
activity, and UV absorbance at 280 nm. 

[0104] AAT was eluled with approximately three column 
volumes of IEC elution buffer (50 mM Tris, 75-1 20 mM 
NaCl gradient, pH 7.1-7.7) at 20-25° C, with control of flow 
rate (g3.0 cm/minute) and column pressure (520 psi). The 
effluent was monitored by Bradford protein determination, 
assay of AAT activity, and UV absorbance at 280 nm. The 
entire peak that eluted after application of the elution buffer 
was collected for further processing. 

[0105] The above procedure was repeated nine times in 
order to process all nine batches of filtrate. Ammonium 
sulfate was added to the IEC chiates to a final concentration 
of 0.9 to 1.1 M. The resulting solutions worn either used 
immediately, or stored at 15-25° C. for no more than seven 
days. Based on AAT activity, the IEC eluates contained a 
total of 2241 g of ATT, corresponding to an 84% yield of the 
activity present in the original suspension of Fraction IV 
paste, and a purification factor of 16.2. Specific activity for 
each of the nine batches ranged from 0.416 to 0.975, and 
averaged 0.592 mg functional AAi* per mg protein. 

[0106] A Cuno™ filler (Zela Plus™ 90SP cartridge 
(45115-12-90SP, nominal MW cutoff of 0.1 micron) was 
prepared with a hot WFI flush followed by a cold WFI rinse 
(WFI- Water for Injection). Water was gently blown out of 
the filter with compressed air. Three IEC eluates, containing 
ammonium sulfate, were pooled and filtered through the 
prepared Cuno filler and subsequently combined to provide 
the "filtered IEC solution". The filter was post-washed with 
approximately 20 liters IHC wash buffer (50 mM Tris, 1 M 
ammonium sulfate, pH 7.1-7.7). 'Jne post-wash, and the 
filtrate were combined and weighed. The process was. 
repeated three times to process the nine batches of IEC 
eluate. 

[0107] A hydrophobic interaction column (HIC) was 
packed with Phenyl Sepharose™ Fast Flow HS resin (Phar- 
macia, Piscataway, N J.) lo a volume of 49 liters (32 cm bed 
height), and equilibrated with HIC wash buffer (50 mM TVis, 
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X M ammonium sulfate, pH 7.1-7.7). This and all column 
loading and subsequent elutions were carried out with 
control of flow rate (^4 on/minute), column pressure (^20 
psi), and solution temperatures (20-25° C). 

[0108] Each of toe three batches of filtered IEC solution 
was loaded onto an HTC column. Total protein load onto the 
column was limited to ^39 g protein per liter of resin. 
Optical density (OD^ of the effluent was monitored, and 
collection was initiated when the ODmo rosc 0.04 units 
higher than the baseline value. The column was washed with 
HIC wash buffer to elute additional AAT from the column, 
while non-AAT contaminants remained bound to tbe col- 
umn. Approximately ten column volumes of HIC wash 
buffer was applied to Ibe column, and effluent was collected 
until the A^ dropped to <0.05 units above baseline. The 
AAT effluent and column wash were combined and weighed. 
Samples were taken for Bradford protein determination, OD 
Protein determination, potency, and LAL (Ltmulus ameb- 
ocyte tysate) testing. The HIC effluents were held at 15-25 Q 
C. for no more than 72 hours. Based on AAT activity, the 
three batches of HIC effluent contained a total of 2090 g of 
ATT, corresponding to a 79% yield of the activity present in 
the original suspensioo of Fraction IV paste, and a purifi- 
cation factor of 25.6. Specific activity for each of the three 
batches ranged from 0.908 to 0.985, and averaged 0.937 mg 
functional AAT per mg protein. 

[0109] A tangential flow ultrafiltration (UF) unit contain- 
ing a polyether sulfone membrane (surface area: 50 ft 2 ) with 
a molecular weight cut off range of 5,000-30,000 was 
integrity tested to ensure a bubble point of less than 1250 
ml/minute. Diafiltration buffer (40 mM sodium phosphate, 
pH 7.2-7.6; 10 kg minimum) was recirculated through the 
unit for a minimum of five minutes. The recirculated buffer 
solution was sampled to verify proper pH (7.2-7.6) and 7 AL 
(<0.25 EU/ml). A repeat of the prewash steps was performed 
if pH and LAL requirements were not met. 'the UF unit was 
held for no more than 12 hours at 2-8° C. prior to HIC 
Effluent application. 

[0110] The HIC effluent from the previous process step 
was mixed, and the temperature was adjusted to 15-25° G, 
prior to application to the ultrafiltration unit. Inlet pressure 
was maintained at £40 psi, and outlet pressure and sample 
weight were monitored during the concentration process. 
Concentration was performed until the weight of the con- 
centrate was approximately 10 kg. 

[0111] Following concentration, the HIC effluent concen- 
trate was diafiltered, exchanging the Tris-buffercd ammo- 
nium sulfate solution with a sodium phosphate buffer. Dia- 
filtration buffer (40 mM sodium phosphate, pH 7.2-7.6) was 
applied at a volume ten times the weight of the HIC effluent 
concentrate. Inlet pressure was maintained at <40 psi, and 
outlet pressure was monitored. Alter all of the diailUration 
buffer had been added, the sodium concentration of the 
permeate was determined. Diafiltration was considered com- 
plete if the sodium concentration of the permeate was within 
10% of that of the diafiltration buffer. Additional diafiltration 
buffer (Sx the weight of the concentrate) was added, and 
diafiltration extended, if necessary, until the sodium con- 
centration of tbe permeate was within ±0% of that of the 
diafiltration buffer. 

[0112] Following diafiltration, the ultrafiltration was con- 
tinued until the concentrate had a mass of approximately 6 



kg. Product was then gently blown out of tbe UF system 
(^25 psi). The ultrafiltration unit was postwashed twice 
with 1.5 kg diafiltration buffer. The UF postwashes were 
added to tbe diafiltered concentrate. The total weight of 
concentrate was determined and the protein concentration 
determined (OD al 280 nm> 

[0113] Based on the OD protein observed, the AAT protein 
concentration was determined, and adjusted if necessary to 
the range 2.9-6.8%. Analysis for LAL, SDS-PAGE, Brad- 
ford protein, potency, and bioburdeo were performed. SDS- 
PAGE showed ^98% AAT. Based on AAT activity, the 
concentrates contained a total of 2096 g of AAT, a 79% yield 
of tbe activity present in the Cobn paste suspension, and a 
purification factor of 26.6. Specific activity for each of the 
three batches ranged from 0.886 to 1.04, and averaged 0.974 
mg functional AAT per mg protein. 

[0114J The AAT concentrate (2.9-6.8% protein) was 
adjusted to 20-25° G, and sucrose (1.75 kg per kg AAT 
concentrate) and potassium acetate (0.175 kg per kg AAT 
concentrate) were added. Tbe final concentration of sucrose 
was 59&%+6% (w/w), and the final concentration of potas- 
sium acetate was 5.98%i0.6% (w/w). After mixing, the 
stabilized concentrate was transferred into one-liter scaled 
serum bottles. Tbe bottles were stored at 2-8* C for no more 
than 10 weeks (and at 15-25* C. for no more than 48 hours) 
before being heat-treated (pasteurized). Pasteurization at 
60tl° C. was performed for 10-11 hours. The pasteurised 
AAT solution was Held at 2-8° C. for no more than 10 weeks, 
and at 15-25° C. for no more- than 72 hours, prior to further 
processing. 

[0115] Pasteurized AAT solution was pooled under HEPA- 
filtcrcd air into two batches, and diluted with diafiltration 
buffer (20 mM sodium phosphate, 45 mM NaCI, 3% man- 
nitol, pH 6.6-7.4) at a ratio of 5:1 buffer: AAT solution 
(w/w). The diluted solutions were sampled for LAL, protein, 
and potency. Based on AAT activity, the pasteurized and 
diluted solutions contained a total of 1 941 g of AAT, a 73% 
yield of the activity present in the Cohn paste suspension, 
and a purification factor of 26.6. Specific activities for the 
two pasteurized batches were 0.954 and 0*993, an average of 
0.973 mg functional AAT per mg protein. The percent 
monomer of the AAT solutions was measured by size- 
exclusion HP1X before and afteT pasteurization. The mono- * 
mcr fractions of tbe AAT concentrates (prc-pastcurization) 
were 97.1% to 98.5%, averaging 97.7%. 'Jhe monomer 
fractions of tbe two pasteurized and diluted solutions were 
95.9% and 97.5%, an average of 96.7%. Only 1.0% of the 
monomeric form of AAT was polymerized or aggregated 
during the pasteurization step. 

[0116] Two YM100 filter cartridges (Millipore, Bedford, 
Mass.) were installed in series into a YM100 UF system, 
with the first cartridge operated in a* tangential flow mode 
and the second cartridge dead-ended. The UF system was 
recirculated with a minimum of 5 kg diafiltration buffer. 
Following recirculation, the diafiltration buffer was tested to 
verify pH (6.8-7.2) and LAL (<0.25 EU/ml). The diafiltra- 
tion buffer, and all subsequent processing until lyophiliza- 
tion, was at 2-8° C. 

[0H7] Each of the pooled AAT solutions was passed 
through the YM 100 cartridges at 2-8° C. at an inlet pressure 
of 545 psi. The load did not exceed 1339 grams protein, and 
the weight of the YM100 filtrate plus postwashes did not 
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exceed 337 kg. The YM100 filtrates were then ultrafiltered 
and diafiltered, at an inlet pressure of ^50 psi, against 
diafiltration buffer (1.60-1.90 nig/ml sodium, 10 limes Ibe 
YM100 concentrate weight), using an ulirafiltcr containing 
a 10,000 M.W. membrane (£25 ft 2 surface area) that was 
dedicated to the post-pasteurization process. 

[0118] The -diafiltered solutions were sampled inline and 
tested for sodium. If the sodium level of the permeate was 
within ±10% of the diafiltration buffer sodium concentra- 
tion, diafiltration was considered complete. If the sodium 
level was not within ±10% of the diafiltration buffer sodium 
concentration, diafiltration was repeated with additional 
diafiltration buffer (5 limes the YM100 filtrate weight). 

[0119] A final concentration was performed until approxi- 
mately 6 kg of solution was obtained. Two postwashes were 
performed using 15 kg diafiltration buffer each time. Post- 
washes were combined with the concentrate for determina- 
tion of total volume of diafiltered YM100 filtrate. Diafiltered 
YM100 filtrates were held for no more than 12 days at 2-8° 



micron KA1NFP2 sterilizing filter and two (2) Millipore 0.2 
Micron Aervent™ 50 vent filters was prepared. The assem- 
bly was autoclaved and used within 7 days of autocUving. 
The non-sterile bulk solution was sterile-filtered with control 
of temperature (2-8* C), pressure (^20 psi), filtration time 
(gl20 minutes), and load including postwash (50.26 kg 
non-sterile bulk per cm 2 filter area). The sterile filtrate 
ultimately obtained from 667 kg of Cobn fraction IV paste 
contained 1.78 kg of functional AAT, corresponding to an 
overall yield of 67% based on the activity of the initial Cobn 
fraction IV^ suspension, and a purification factor of 29.8. 
The specific activity was 1.09 mg functional AAT per mg 
protein. The product was >99% AAT by SDS-PAGE, and 
>95% monomer by size-exclusion HPLC. 

[0122] AAT sterile bulk was aseptically filled into 50 ml 
T>pe 1 glass vials using a fill volume targeted to achieve 
approximately 1000 mg functional AAT activity per vial (i.e. 
20.8 gat0.2 g solution per vial), and the vial contents were 
frozen and lyopbilizcd. 
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1.5 
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25.6 


26.6 


26.6 
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Activity*' 



0.037* 



0.053' 



0.056* 



0.592' 0.937* 



.0974' 



0.973* 



1.01» 



0.981* 



1.09* 



"The AAT away for ibese fraction* i* believed to be low, due to unidentified interfering factor*. 
"'Specific activities are average* over ibe number «C batches shown. 

*The Bradfoid Protein assay was used for these fractions because they ate too impure to determine proiein concentration by OD^, The protein standard 
used in the Bradford assay was purified AAT, calibrated using an extinction coefficient for AAT of S3, see R. Pbnncli, D. Johnson, and J. Travis, Bio- 
chemistry 13: 5439-5445 (1974). , . ^. , 
'Protein concent ration by OD^© using an extinction coefficient fox AAT of 5.3. 



C. before further processing. Based on AAT activity, the 
diafiitrate contained a total of 1960 g of AAT, a 74% yield 
of the activity present in the Cobn paste suspension, with a 
purification factor of 27.5. Specific activities for the two 
batches were 0.984 and 1.03, an average of 1.01 mg func- 
tional AAT per mg proteio. 

[0120] After addition of diafiltration buffer to obtain a 
final formulation target of 50 mg functional AAT/ml, the 
YM100 filtrate solution pH was adjusted as necessary to pH 
6.8-7.2. Clarification was carried out with a 0.2 micron Pall 
SLK-7002-NRP Filter (Pall Corp., East Hills, N.Y.). Once 
clarified, the non-sterile bulk AAT solutions were combined, 
weighed and sampled for LAL, protein, potency, and biobur- 
tlen (<100 CFU/ral). The non-sterile bulk AAT was held for 
no longer than 73 J hours at 2-8° G pending sterile filtration. 
Dased on AAT activity, the non-sterile bulk AAT solution 
contained a total of 1822 g of AAT, a 69% yield of the 
activity present in the Cohn paste suspension, with a puri- 
fication factor of 26.8. The specific activity was 0.981 mg 
functional AAT per mg protein. 

[0121] In preparation for sterile filtration, a sterile bulk 
assembly consisting of a 60 L bulk receiver, a Pall 0.2 



[0123] Functional AAF yields, and characteristics of the 
AAT fractions obtained; Tat each of the abovS steps are set out 
in Table 4. Modifications of the above-described modes for 
carrying out the invention will be obvious to those of skill 
in the fields of protein purification, analytical chemistry, 
medicine, aod related fields, and such substitutions and 
modifications are contemplated to be within the scope of the 
invention, llie detailed embodiments described above are 
provided by way of example only, and are not intended to 
limit the scope of (he following claims. 

We claim: 

1. A method for partially purifying AAT from an AAT- 
containing protein mixture, consisting essentially of: 

(a) suspending the AATKxmlaining protein mUlure in a 
buffer under conditions that permit the AAT to be 
dissolved; 

(b) contacting tlte resulting suspension with a disulfidc- 
reducing agent to produce a reduced suspension; " 

(c) contacting the reduced suspension with an insoluble 
protein-adsorbing material; and 

(d) removing insoluble materials from the suspension. 
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2. A method for purifying AAT from a crude AAT- 
containing protein precipitate, comprising the steps of: 

(a) suspending a crude AAT-containing protein precipitate 
in a buffer under conditions that permit the AAT to be 
dissolved; 

(b) contacting the resulting suspension with a disut fide- 
reducing agent to produce a reduced suspension; 

(c) without addition of a substantial amount of additional 
salts, contacting the reduced suspension with an 
insoluble protein -adsorbing material ; and 

(d) removing insoluble materials from the suspension. 

3. The method of claim 1, wherein the crude AAT- 
containing protein precipitate is derived from serum. 

4. The method of claim 2, wherein the crude AAT- 
containing protein precipitate is derived from serum. 

5. The method of claim 3, wherein the crude AAT- 
containing protein precipitate is Cohn fraction 1V 14 precipi- 
tate. 

6. The method of claim 4, wherein the crude AAT- 
containing protein precipitate is Cohn fraction 1 V ua precipi- 
tate, 

7. The method of any of claims 1-6, wherein the disulride- 
reducing agent is a di thiol. 

8. The method of claim 7, wherein the dithiol is diihio- 
threttot. 

9. The method of any of claims 1-6, wherein the protein- 
adsorbing material is a silica adsorbent. 

10. The method of any of claims 1-6 wherein the protein- 
adsorbing material is fumed silica. 

11. The method of claim 7, wherein the protein-adsorbing 
material is fumed silica. 

12. The method of claim 8, wherein the protein-adsorbing 
material is fumed silica. 

13. The method of claim 2, further comprising an anion 
exchange chromatography step. 

14. The method of claim 3, further comprising an anion 
exchange chromatography step. 

15. The method of claim 13, further comprising a hydro- 
phobic interaction chromatography step. 

16. The method of claim 14, further comprising a hydro- 
phobic interaction chromatography step. 

17. The method of claim 15, further comprising a viral 
reduction step. 

18. The method of claim 16, further comprising a viral 
reduction step. 

19. The method of claim 17, wherein the viral reduction 
step comprises pasteurization at about 60° C. 

20. The method of claim 18, wherein the viral reduction 
step comprises pasteurization at about 60° C. 

21. The method of claim 20, wherein the pasteurization 
step is carried oul on a solution of AAT containing at least 
40% wAv sucrose. 

22. The method of claim 21, wherein the concentration of 
sucrose is at least 50%. 

23. The method of claim 22, wherein the concentration of 
sucrose is about 60%. 

24. The method of claim 19, wherein the viral reduction 
step further comprises filtration effective to remove viral 
particles. 



25. The method of claim 23, wherein the viral reduction 
step further comprises filtration effective to remove viral 
particles. 

26. The method of any one of claims 15-25, further 
comprising a sterilization step. 

27. The method of claim 26, wherein the sterilization step 
comprises filtration effective to remove bacteria. 

28. A method for purifying AAT from a crude AAT- 
containing protein precipitate, comprising the steps of: 

(a) suspending an AAT-containing Cohn fraction 1V 3 . 4 
precipitate in a buffer under conditions that permit the 
AAT to be dissolved; 

(b) contacting the resulting suspension with ditbiothreitol 
to produce a reduced suspension; 

(c) without addition of a substantial amount of additional 
salts, contacting the reduced suspension with fumed 
silica; 

(d) removing insoluble materials from the suspension to 
obtain a clarified protein solution; 

(c) anion exchange chromatography of the clarified pro- 
tein solution; 

(f) hydrophobic interaction chromatography of the prod- 
uct of the anion exchange chromatography; 

(g) pasteurization of the product of the hydrophobic 
interaction chromatography at about 60° C; 

(h) filtration of the pasteurized product effective to 
' remove viral particles; and 

(i) sterile filtration. 

29. An alpha-1 -antitrypsin composition, containing; 

(a) less than 6% contaminating proteins by SDS-PAGE; 

(b) less than 0.1% albumin; - 

(c) less than 0.8% cij-acid glycoprotein; 

(d) less than 0.1% a 2 -macroglobulin; 

(e) less than 0,1% apoiipoprotcin Al; 

(f) less than 0.5% antithrombin 111; 

(g) less than 0.1% ceruloplasmin; 

(h) less than 0.5% haptoglobin; 

(i) less than 0.2% IgA; 

0) less than 0.1% IgG; and 
(k) less than 0.1%. transferrin; 

wherein the specific activity of the alpha-1 -antitrypsin is 
at least 0.99 mg functional AAT per milligram, when 
using as an extinction coefficient E a ^230 

wherein the apparent ratio of active to antigenic AAI' is 
greater lhao 1.08, when measured by endpoint 
nephelometry; 

wherein less than 8% of the composition is of a higher 
molecular weight than monomeric AAT; and 

wherein the composition is stable for at least 2 years when 
stored tyophilized at up to 25° C. 
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30. The composition of claim 29, wherein the number of 
enveloped viruses are reduced by at least 11 log JO units and 
non-cnveJopcil viruses are reduced by al least 6 log 1Q units. 

3L The composition of claim 29 or claim 30, wherein the 
composition contains less than 2% contaminating proteins 
by SDS-PAGE, and wherein the apparent ratio of active to 
antigenic AAX is greater than 1.16. 

32. The composition of claim 31, wherein the composi- 
tion contains 

(a) less than 1% contaminating proteins by SDS-PAGE; 



(b) less than 0.2% a, -acid glycoprotein; 

(c) less than 0.1% antithrombin 01; 

(d) less than 0.1% haptoglobin; and 

(e) less than 0.1% IgA; 

and wherein less than 5% of the composition is of a higher 
molecular weight than monomeric AAX, and the appar- 
ent ratio of active to antigenic AAX is greater than 1.23. 

* ♦ * * * 
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10 PROCESS FOR SEPARATING ALPHAj-PROTEINASE 

INHIBITOR FROM COHN FRACTION IV, AND IV 4 PASTE 

Field of the Invention 

The present invention relates to the purification of 
15 a serine proteinase inhibitor, a x -proteinase inhibitor. 

Background of the Invention 

Alpha,-Proteinase Inhibitor (c^-PI) , also known as otj- 

antitrypsin, is a serum glycoprotein with a molecular 

weight of 52,000. Alpha^PI is synthesized in the liver 
20 and is present in the serum at levels between 150 and 350 

mg/dl (equivalent to 30-80 /iM) when assayed with plasma 

standards . 

Alpha, -PI functions in the lungs to inhibit 
neutrophil elastase, a serine protease, which in large 

25 . quantities can lead to the destruction of the alveolar 
walls. In the normal lung, a, -PI provides more than 90% 
of the anti-neutrophil elastase protection in the lower 
respiratory tract* 

Alpha,-PI deficiency is an autosomal, recessive 

30 hereditary disorder displayed by a large number of allelic 
variants and has been characterized into an allelic 
arrangement designated . as the protease inhibitor (Pi) 
system. These alleles have been grouped on the basis of 
the a,-PI levels that . occur in the serum of different 

35 individuals. Normal individuals have normal serum levels 
of a, -PI (normal individuals have been designated as 
having a PiMM phenotype) , Deficient individuals have 
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1 serum aj-PI levels of less than 35% of the average normal' 
level (these individuals have been designated as having a 
PiZZ phenotype) . Null individuals have undetectable ctj-PI 
protein in their serum (these individuals have been 
5 designated as having a Pi (null) (null) phenotype) . 

Alpha,-PI deficiency is characterized by low serum 
(less than 35% of average normal levels) and lung levels 
of a,-Pi. These deficient individuals have a high risk of 
developing panacinar emphysema. This emphysema 

10 predominates in individuals who exhibit PiZZ, PiZ(null) 
and Pi (null) (null) phenotypes. Symptoms of the condition 
usually manifests in afflicted individuals in the third to 
fourth decades of life. 

The emphysema associated with * r Fl deficiency 
15 develops as a result of insufficient a r Pl concentrations 
in the lower respiratory tract to inhibit neutrophil 
elastase, leading to destruction of the connective tissue 
framework of the lung parenchyma. Individuals with a, -PI 
deficiency have little protection against the neutrophil 
20 elastase released by the neutrophils in their lower 
respiratory tract. This imbalance of protease: protease 
inhibitor in a,-Pl deficient individuals results in 
chronic damage to, and ultimately destruction of the lung 
parenchyma and alveolar walls. 
25 Individuals with severe a r PI deficiency typically 

exhibit endogenous serum a,-PI levels of less than 50 
rog/dl, as determined by commercial standards. Individuals 
with these low serum a,-PI levels have greater than an 80% 
• risk of developing emphysema over a lifetime. It is 
estimated that at least 40,000 patients in the United 
States, or 2% of all those with emphysema, have this 
disease resulting from a defect in the gene coding for 
c^-PI. A deficiency in a,-PI represents one of the most 
common lethal hereditary disorders of Caucasians in the 
United States and Europe. 

Therapy for patients with a,-PI deficiency is 
directed towards replacement or augmentation of o^-PI 
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1 levels in the serum.- If serum levels of t^-PI are 
increased, this is expected to lead to higher 
concentrations in the lungs and thus correct the 
neutrophil elastasercti-PI imbalance in the lungs and 

5 prevent or slow destruction of lung tissue. Studies of 
normal and a r PI deficient populations have suggested that 
the minimum protective serum a, -PI levels are 80 mg/dl or 
11 (about 57 mg/dl; using pure standards). 

Consequently, most augmentation therapy in aj-PI deficient 

10 patients is aimed toward providing the minimum protective 
serum level of a,-PI, since serum a,-PI is the source of 
alveolar a,-PI. 

Alphaj-PI preparations have been available for 
therapeutic use since the mid 1980 's. The major use has 

15 been augmentation (replacement) therapy for congenital 
a,-PI deficiency. The half -live of human c^-PI in vivo is 
4.38 days with a standard deviation of 1.27 days. The 
currently recommended dosage of 60 mg ctj-PI/kg body weight 
weekly will restore low serum levels of a t -PI to levels 

20 above the protective threshold level of 11 yM or 80 mg/dl. 

Previously a, -PI has been purified by various 
techniques. One such process combined chromatography on 
an anion-exchange chromatography medium followed by PEG 
precipitation. Other purification procedures have used 

2 5 peg precipitation followed by anion-exchange 

chromatography and others have used multiple PEG 
precipitation steps followed by anion-exchange 
chromatography. Still other methods have used phase 
* separation techniques to purify c^-PI. Specific 
activities of 1.26 units/mg have been reported for 
purified a,-PI. 



Summary of the Invention 

The present invention is directed to a process for 
purifying o^-proteinase inhibitor. The process comprises 
providing an impure protein fraction which comprises a,- 
proteinase inhibitor. The impure protein fraction is 
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l precipitated with a precipitant comprising PEG. In a' 
preferred embodiment the precipitant further comprises 
ZnCl 2 . The supernatant from the peg precipitation, which 
comprises a, -proteinase inhibitor is collected and applied 

5 to an anion-exchange medium. A fraction comprising a x - 
proteinase inhibitor is recovered from the anion-exchange 
medium and applied to a metal chelate medium. A fraction 
comprising a,-proteinase inhibitor is then recovered from 
the metal chelate medium. In a preferred embodiment the 

10 fraction comprising oc,-proteinase inhibitor recovered from 
the metal chelate medium is further purified by 
chromatography on a second ion-exchange medium. 

Alphaj-proteinase inhibitor purified by "the process 
has a specific activity greater than 0.6 units/mg. 
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1 Detailed Description 

The present invention describes a purification 
process for the purification of a x -PI. This purification 
procedure uses a unique combination of known purification 

5 steps to produce a high specific activity c^HPI 

preparation. 

AlPha^Proteinase Inhibitor Purification 
Alpha,-PI is purified from an impure protein 
10 fraction. The impure protein fraction may be plasma f 
a, -PI produced by recombinant methods or any other source 
comprising o^-PI protein. In a preferred embodiment a^PI 
is prepared from frozen plasma. The plasma is thawed and 
the Cohn IV,+IV 4 fraction is prepared. The preparation of 
15 the Cohn IV!+IV 4 fraction (the Cohn IV,+IV 4 precipitate) is 
well known in the art and is described briefly here. 

Preparation of IV . +IV, Fraction 
Plasma is maintained at a temperature of l.5°C ± 

20 1.5°C and the pH is adjusted to 7 ± 0.2 with either sodium 
bicarbonate or acetate buffer, pH 4.0. Sufficient cold 
SD3A ethanol (95% v/v ethanol and 5% v/v methanol) is 
added to bring the plasma to a final alcohol concentration 
of 8% v/v. During the alcohol addition the temperature of 

25 the p i asiua i s lowered to from -2°C ± 1°C. The precipitate 
which forms is removed by centrifugation in a Sharpies or 
Westphalia centrifuge or by filtration through a filter 
press, at -2°C ± 1°C. The result precipitate and 
• supernatant are designated the Fraction I precipitate and 

30 supernatant. 

The Fraction I supernatant is adjusted to pH 6,9 ± 
0,1 by the addition of pH 4 acetate buffer (0.8 M sodium 
acetate adjusted to pH 4 with acetic acid) and is brought 
to 2 0% v/v alcohol by the addition of cold SD3A alcohol, 

35 During the alcohol addition the temperature is lowered to 
-5.5°C ± l.5°C. The precipitate which forms is removed by 
centrifugation in a Sharpies or Westphalia centrifuge or 
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l by filtration through a filter press, at -5.5°C ± 1.5°C* 
The result precipitate and supernatant are designated the 
Fraction II+III precipitate and supernatant. 

If required, the Fraction II+III supernatant is 

5 filtered through a 5 to 30 micron filter to remove 
particulate matter. 

In one embodiment of the present invention, 
Antithrombin III (AT-III) Poor Fraction II and III is 
prepared as follows. 

10 Heparin immobilized medium is equilibrated with 10 mM 

± 5 mM sodium citrate, pH 6.5-7.5 and then 10 mM ± 5 mM 
sodium citrate, pH 6.5-7.5, 150 mM ± 50 mM NaCl, 20% w/v 
SD3A alcohol. The medium is equilibrated in a -4° C to 
-7°C environment until the effluent is -4°C to -7°C. 

15 The Fraction II+III supernatant is passed through the 

heparin immobilized medium packed in a column. The medium 
adsorbed AT-III is washed with 10 mM ± 5 mM sodium 
citrate, 150 mM ± 50 mM NaCl, 2% w/v SD3A alcohol pH 6.5- 
7.5. The AT-III-poor effluent and the wash effluent are 

20 pooled and processed further. 

Alternatively, the plasma suspension containing 8% 
v/v alcohol, at -2°C ± l°c, pH 7 ± 0.2 described above is 
adjusted to pH 6.9 ± 0.1 by the addition of pH 4 acetate 
buffer, and is then processed further without the removal 

25 of the precipitate. The alcohol concentration is raised 
to 20% v/v by the addition of cold SD3A alcohol and the 
temperature is gradually lowered to -5.5°C ± 1.5°C. The 
precipitate which forms is removed by centrifugation in a 
. Sharpies or Westphalia centrifuge or by filtration through 

30 a filter press, at ~5.5°C ± 1.5°C. The resultant 
precipitate and supernatant are designated the Fraction 
I+II+III precipitate and supernatant. 

The Fraction II+III, the Fraction II+III, AT-III poor 
and/or the Fraction I+II+III supernatant is/are maintained 

35 at -5.5°C ± l.5°C and the pH is adjusted to 5.2 ± 0.1 by 
the addition of pH 4 acetate buffer. 
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1 The resultant suspension is allowed to settle for at 

least 6 hours at -5.5°C ± 1.5°C, after which time the pH 
is adjusted to 5,8 ± 0.1 with either sodium acetate , pH 
4.0 or sodium bicarbonate buffer, pH 4.0. The alcohol 

5 concentration is adjusted to 40% v/v by the addition of 
cold SD3A alcohol. The precipitate which forms is removed 
by centrifugation in a Sharpies or Westphalia centrifuge 
or by filtration through a filter press , at -5.5°C ± 
l.5°C. The result precipitate and supernatant are 

10 designated the Fraction IV,+IV 4 precipitate and 
supernatant. The Fraction IV,+1V 4 precipitate is further 
purified for production of aj-PI. 

The Fraction IV,+IV 4 precipitate may be frozen until 
processed further or until sufficient material has been 

15 accumulated for further processing. 



PEG/ZnCl 7 Precipitation 

The IVj+IV 4 precipitate is resuspended in water for 
injection (WFI) , in a ratio of about 3 to 10 parts of 
water per part of IV,+IV 4 precipitate, at about 0° to 10°C 
and the pH is adjusted to 8.5 ± 0.5 (the Water Extract). 
After the precipitate is resuspended solid Tris is added 
to a final concentration of 10 ± 5 mM and NaCl (5 ± 0.5 M) 
is added to a final concentration of 150 ± 20 mM. 
Polyethylene glycol 33 50 (PEG) and ZnCl 2 are added to a 
final concentration of 15 ± 7.5% w/w peg and 0.5 ± 0.25 mM 
ZnCl 2 , The suspension is adjusted to pH 8 ± 1 and mixed 
for about one hour. 

The PEG/ZnCl 2 precipitate which forms is removed by 
passing the suspension through a filter press at 0°C-10°C. 
The filter press is washed before and after filtering with 
150 ± 25 mM NaCl, 15 ± 7.5% w/w PEG and 5 ± 5 mM ZnCl 2 , pH 
8 ± 1. Alternatively, the precipitate may be removed by 
centrifugation at about 6,000 rpra for 10-15 minutes. 
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ZnCU Precipitators 

ZnCl 2 (100 ± 10 mM) is added to the supernatant (the 
15%PEG-Znci 2 supernatant) to a final concentration of 10 
± 5 inM and the solution is adjusted to pH 8 + l, The 
solution is mixed for about one hour. The ZnCl 2 
precipitate which forms is recovered by centrifugation, 
filter press, or other suitable method of recovery. The 
precipitate may be frozen for future processing. 

For further processing the ZnCl 2 precipitate (the 10 
mM ZnCl 2 precipitate) is re-solubilized in about 50 mM 
EDTA and adjusted to a conductivity of not more than 5 mS 
and to a pH of 8 ± l, 

Anion-Exc hanqe chromatography 
The re-solubilized ZnCl 2 precipitate is then applied 
to diethyl (2-hydroxpropyl) arainoethyl (QAE) chromatography 
medium or other similar anion-exchange medium. Either 
batch or column chromatography may be used. The medium is 
equilibrated at 0°-10*C with cold water for injection 
(CWFI) , prior to absorption of a, -PI to the chromatography 
medium. After e^-Pl has been absorbed onto the medium it 
is washed with 50 ± 25 mM NaCl, 10 ± 5 mM sodium 
phosphate, pH 8 ± l to remove unbound material. Alpha r PI 
is then e luted from the anion-exchange chromatography 
medium with 150 ± 50 mM NaCl, 1-0 ± 5 mM sodium phosphate, 
pH 8 ± i. The eluate which includes cr,-PI (the 1st QAE 
Eluate) is collected for further processing. 

After the removal of a,-PI, the anion-exchange medium 
is cleaned by washing with, in sequence: 2 ± 0.2 M NaCl, 
10 ± 5 mM sodium phosphate, pH 8 ± 1; WFI or 500 mM NaOH; 
WFI. The chromatography medium is then stored in either 
2 ± 0.2 M NaCl, 10 ± 5 mM sodium phosphate, pH 8 ± 1 or 50 
mM NaOH until required. 
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1 . SD Treatment 

The anion-exchange medium eluate is 
concentrated/diaf iltered by ultrafiltration against 150 ± 
25 mM NaCl, 50 ± 10 mM sodium phosphate, l ± 0.1 mM 

5 imidazole, pH 7.5 ± 1 to concentrate the a,-Pl and to 
remove EDTA which co-elutes from the anion-exchange 
chromatography medium with the a,-PI, to form the 10K UF. 

A solution of 10 ± 1% w/v polysorbital 80 and 3 ± 
0.3% w/v tri-n-butyl phosphate is added to the diaf iltered 

10 o^-PI to a final concentration of 1 ± 0.5% w/v 
polysorbital 80 and 0.3 ± 0.15% w/v tri-n-butyl phosphate. 
The solution is then incubated at 27° ± 3°C, pH 8 ± 1 for 
6.5 ± 0.5 hours to inactivate any viruses which may be 
present in the a,-PI. After the incubation the treated ol x - 

15 pi solution is cooled to 0°-10°C and, if necessary, the pH 
is adjusted to 7.5 ± 1. In other embodiments of the 
present invention the SD treatment is performed after 
ultrafiltration, as described below or the SD treatment 
may be performed at this step as well as at the step 

20 described below. 

Metal Chelate Chromatography 
The a,-PI is then applied to a copper, zinc or 
similar metal ion primed medium, such as MATREX- CELLUFINE 

25 CHELATE (supplied by Chisso of Japan) , at 0°-10°C. Prior 
to use the medium is washed with, in sequence: WFI; 6 ± 
0.6 mg/ml CuS0 4 .5H 2 O; WFI and 150 ± 25 mM NaCl, 250 ± 25 mM 
sodium acetate, pH 5 + 1. The resin is then equilibrated 
• with 150 ± 25 mM NaCl, 50 ± 10 mM sodium phosphate, 1 ± 

30 o.l mM imidazole, pH 7.5 ± 1 at 0°-10°C. Either batch or 
column chromatography can be used. The SD treated 
fraction is applied to the metal chelate chromatography 
medium to absorb otj-PI to the metal chelate chromatography 
medium. The a t -PI absorbed medium is washed with 500 ± 50 

35 mM NaCl, 50 ± 10 mM sodium phosphate, 1 ± 0.1 mM 
imidazole, pH 7 . 5 ± 1 to remove any unbound material from 
the chromatography medium. The a,-PI is eluted with 150 
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1 ± 25 jiM NaCl, 50 ± 10 mM sodium phosphate , 5 ± 2.5 mM 

imidazole, pH 7.5 ± 1. The a r Pl containing eluate (the 
Cu ++ Eluate) is collected and may be frozen until 
processed further. 

5 The chromatography medium is cleaned with f and may be 

stored in, 500 ± 50 mM NaCl f 50 ± 25 mM EDTA, pH 7 ± 1 or 
the medium may be washed with CWFI and cleaned with 500 mM 
NaOH and stored in 50 mM NaOH. 

Ultrafiltration 
The a r Pl containing eluate is ultraf iltered using a 
high (100,000) molecular weight cut-off ultrafiltration 
membrane, to remove high molecular weight contaminants and 
any viral contaminants which may be present in the metal 
chelate medium eluate. 

The filtrate is collected and 
concentrated/diaf iltered by ultrafiltration against 50 ± 
25 mM NaCl, 10 ± 5 mM sodium phosphate, pH 8 ± 1, 
containing up to 20 mM EDTA, to form the 100K UF. 

» 

SD Treatment 

A solution of 10 ± 1% w/v polysorbital 80 and 3 ± 
0.3% w/v tri-n-butyl phosphate is added to the diaf iltered 
a,-PI to a final concentration of l ± 0.5% w/v 
polysorbital 80 and 0.3 ± 0.15% w/v tri-n-butyl phosphate. 
The solution is then incubated at 27° ± 3°C, pH 8 ± 1 for 
6.5 ± 0.5 hours to inactivate any viruses which may be 
present in the o^-PI. After the incubation the treated a r 
PI solution is cooled to 0°-io°c and, if necessary, the pH 
is adjusted to 7.5 ± 1. 

Anion-Exchanae Chromatography 
The concentrated a, -PI is then applied to QAE 
chromatography medium or other similar anion-exchange 
medium, equilibrated at 0°-10°c with CWFI , as described 
above. The chromatograph medium is then washed with 50 ± 
25 mM NaCl, 10 ± 5 mM sodium phosphate, pH 8 ± 1. Alpha^ 
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1 PI is eluted from the anion-exchange medium with 150 ± 50 
mM NaCI, 10 + 5 mM sodium phosphate, pH 8 ± x. The eluate 
(the 2nd QAE Eluate) is collected and its pH adjusted to 
7.5 ± l. The eluate may be frozen until processed 

5 further. If necessary the eluate is concentrated by 
ultrafiltration . 

The otj-PI is filtered through a 5 micron filter to 
remove any particulate matter. The concentration of the 
<*,-PI is adjusted to a desired level and the cej-PI is 

10 sterile filtered through a 0.22 micron filter, dispensed 
into vials and lyophilized (the 5m Filtrate) . 

The lyophilized a,-Pl is redissolved in sterile water 
for injection for administration to patients (the Final 
Container) . 

15 Alphai-Pl is stored at 2-8°C. 

AlphflrPI activity h?$%y? 
A chromogenic assay is used to detect o^-PI activity. 
The assay utilizes a trypsin sensitive chromogenic 

20 substrate which releases p-nitroaniline in the presence of 
trypsin (supplied by Sigma Chemical Co. of St Louis, 
Missouri) . The p-nitroaniline released is detected at 405 
nm. a t -PI inhibits the release of p-nitroaniline from the 
substrate. The activity of aj-PI in the product can be 

25 determined by reference to a standard a, -PI activity 
curve. 

Protein Content 
Protein content is determined by a Bio-Rad® assay 
30 method utilizing differential color change of a Coomassie 
Blue dye in response to various concentrations of protein 
measured at 595 nm. The protein content is calculated 
from a standard curve, 

35 
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1 Administrati on 

Alpha, -PI is infused into a patient at a rate of 
about 0.08 ml /kg body weight per minute for the first 10 
minutes. If the patient does not experience any 

5 discomfort, the rate is increased as tolerated* If 

tolerated, subsequent infusions to the same patient may be 
at the higher rate. If adverse events occur, the rate 
should be reduced or the infusion interrupted until the 
symptoms subside. The infusion may then be resumed at a 

10 rate which is tolerated by the patient. 

If large doses are to be administered, several 
reconstituted vials of a,-PI may be pooled in an empty, 
sterile I.V. infusion container using aseptic technique. 

15 Example l 

Purification of Aln>^ r PT 

Twenty kg of IV,+IV 4 precipitate was resuspended in 
180 kg of WPI at 3.8°C and the pH was adjusted to 8.94. 
After the precipitate was resuspended 242.3 g of Tris, 6.7 
kg of 1 M NaCl, and 35.4 kg of PEG were added and the 
solution mixed for 60 minutes. Then 2.2 kg of 100 xnM 
ZnCl 2 was added and the suspension was adjusted to pH 7.92 
and mixed for an additional 60 minutes at 0-8 °C 

The PEG/ZnCl 2 precipitate which formed was removed by 
passing the suspension through a filter press at 0-8 °C 
after the addition of 977 g of filtra-Cell BH 20 filter 
Aid (supplied by Celite of Germany) . The filter press was 
washed before and after filtering with 3 0 kg of 150 mM 
NaCl, 15% w/w PEG, 0.5 mM ZnCl 2 , pH 8.0. 

27.8 kg of 100 mM ZnCl 2 was added to the supernatant 
and the solution was adjusted to pH 8. The precipitate 
which formed in the presence of the ZnCl 2 was recovered by 
centrifugation in a Sharpies centrifuge. The ZnCl 2 
precipitate was re-solubilized in 2 0 kg of 50 mM EDTA and 
adjusted to a conductivity of 6.48 raS and to a pH of 7.97. 

The re-solubilized ZnCl a precipitate was then applied 
to diethyl (2-hydroxpropyl) aminoethyl (QAE) chromatography 
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1 medium (supplied by Tpso Haas) packed into a 20 1 column ' 
with an internal diameter of 250 cm. The QAE medium was 
equilibrated at 4°c with CWFI. The ctj-PI was then 
absorbed into the chromatography medium. The 

5 chromatograph medium was then washed with 60 1 of 50 mM 
NaCl, 10 mM sodium phosphate , pH 7.92. Alphaj-PI was 
eluted from the anion-exchange medium with 60 1 of 150 mM 
NaCl, 10 mM sodium phosphate, pH 8.06. The flow rate of 
the column was maintained at 600 ml/minute. The <vPI 

10 containing eluate was collected * 

The anion-exchange medium eluate was 
concentrated/diaf iltered by ultrafiltration in a Mlllipore 
PELLICON unit (supplied by Millipore of Bedford MA) 
against 150 mM NaCl, 50 mM sodium phosphate , 1 mM 

15 imidazole, pH 7.5 to concentrate the aj-PI and to remove 
EDTA which co-elutes with the a t -PI. 

1.1 kg of a solution of 10% w/v polysorbital 80 and 
3% w/v tri-n-butyl phosphate was added to the diaf iltered 
a, -PI and the solution was incubated at 25 °C for 1 hour to 

20 inactivate any viral contaminants present in the 
diaf iltered aj-Pl. The solution was then cooled to 4°C 
and the pH adjusted to 7.33. 

The a,-PI was then applied to 10 1 of MATREX 
CELLUFINE CHELATE , a copper chelating medium (supplied by 

25 Chisso of Japan) at 4°c. Prior to use the medium was 
washed with, in sequence: WFI; 6 mg/ml CuS0 4 .5H 2 0; WFI and 
150 mM NaCl, 250 mM sodium acetate, pH 5. The column was 
then equilibrated with 150 mM NaCl, 50 mM sodium 
phosphate, 1 mM imidazole, pH 7.5 at 4°C. The a t -PI 

30 absorbed medium was washed with 100 1 of 500 mM NaCl, 50 
mM sodium phosphate, 1 mM imidazole, pH 7.52 to remove any 
unbound material from the medium. The apPI bound to the 
chromatography medium was eluted with 150 mM NaCl, 50 
mM sodium phosphate, 5 mM imidazole, pH 7.47. The flow 

35 rate was maintained at about 550 ml/minute. The a,-PI 
containing eluate was collected. 
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l The eluate was ultraf iltered using a 100K CENTRASETTE 

supplied by Filtron. The filtrate was collected and 
concentrated/ diaf iltered by ultrafiltration in a Millipore 
PELLICON filtration unit against 50 mM NaCl, 20 mM EDTA f 

5 10 mM sodium phosphate, pH 7,9. 

The concentrated a r PI was again applied to 5 1 of 
QAE chromatography medium, equilibrated at 0°-10°C with 
CWFI f to absorb a r Pl to the chromatography medium* The 
chroraatograph medium was then washed with 24 1 of 50 mM 

10 NaCI, 10 mM sodium phosphate, pH 8. Alpha r PI was eluted 
from the chromatography medium with 150 mM NaCI, 10 mM 
sodium phosphate, pH 8. The pH of the eluate was adjusted 
to 7.5. The eluate was concentrated/ diaf iltered by 
ultrafiltration in a Millipore PELLICON filtration unit 

15 against 50 mM NaCl p 10 mM sodium phosphate, pH 7,9. 

Throughout the purification, aliquots of the a r PI 
containing solutions were collected and analyzed* The 
results are summarized in Table I. 



Table I 



20 



Sample 


cr,-PI 

Activity 

(%) 


A»,« (kg) 




Specific 
Activity 
(V/mg) 


Water 
Extract 


3,460 (100) 


31.3 (5,000) 


156,500 (100) 


0.022 


15%PEG-ZnCl 2 
Supernatant 


2 f 478 (72) 


5.22 (5,078) 


26,507 (17) 


0.093 


10 mM 2nCl 2 
Precipitate 


2,322 (67) 


7.72 (3,600) 


27,792 (18) 


0.084 


1st QAE 
Eluate 


1,612 (47) 


3.95 (3,008) 


11,882 (8) 


0.136 


10K UF 


1,764 (51) 


19.5 (601) 


11,720 (7) 


0.151 


Cu** Eluate 


1,445 (42) 


1.08 (3,261) 


3,521 (2) 


0.443 


100 K UF 


1,371 (40) 


0.59 (5,396) 


3,184 (2) 


0.431 


10K UF 


1,406 (41) 


5.98. (503) 


3,007 (2) 


0.467 


2nd QAE 
Eluate 


1,181 (34) 


2.13 (839) 


1,787 (1) 


0.661 
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1 The purification procedure produced a final a,-PI 

fraction with a specific activity of 0.661 U/mg and a 
yield of 3 4%. 

5 Example ? 

The purification procedure described in Example 1 was 
repeated except the q,-PI was filtered through a 0.22 
micron filter. The filtrate was then dispensed into 
10 sterile vials and lyophilized. 

The results are summarized in Table II. 



Tqble H 



15 



25 



30 



Sample 


Activity (%) 


(kg) 


* A*o„ (%) 


Specific 
Activity 
(U/mg) 


Water 
Extract 


75,800 (100) 


16,8 (200) 


3,360,000 
(100) 


0.023 


15%PEG-ZnCl 2 
Supernatant 


45,713 <60) 


1.58 (249.8) 


394,684 (12) 


0.116 


10 mM ZnCl 2 
Precipitate 


30,995 (41) 


9.03 (33.4) 


301.602 (9) 


0.103 


1st QAE 
Eluate 


36,762 (49) 


1.87 (60.2) 


112,574 (3) 


0.327 


10K UF 


26,938 (49) 


11.34 (9.7) 


109, 99B (3) 


0.336 


After S/D 
Treatment 


34,906 (46) 


11.81 (10.8) 


127,548 (4) 


0.274 


Cu*+ Eluate 


23,435 (31) 


0.76 (60.4) 


45,904 (1) 


0.510 


100 K UF 


21,952 (29) 


0.45 (89.6) 


40,320 (1) 


0.545 


10K UF 


21,859 (29) 


3.43 (10.99) 


37,696 (1) 


0.580 


2nd QAE 
Eluate 


10,270 (25) 


1.14 (18.6) 


21,204 (1) 


0.909 


10 K UF 


24,461 (32) 


10.99 (2.45) 


26,926 (1) 


0.909 


Filtration 


21,648 (29) 


10.94 
(2.478) 


27,109 (1) 


0.799 


Pinal 
Container 


17,850 (24) 


11.02 (2.1) 


23,142 (1) 


0.773 



The purification procedure produced a final a t -PI 
fraction with a specific activity of 0.77 3 U/mg and a 
yield of 24%. 
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1 Example 3 

Stabil ity of the Purified Alt>ha t »P^ 

Final container samples of a,HPI were stored in 

temperature controlled incubators at 5°C* After three 

5 months, storage samples were analyzed and compared to 

samples analyzed prior to storage. After reconstitution, 

the samples were incubated at 20° C for 0, 2 or 4 hours 

prior to analysis. Results for storage at 5°C for 0 and 

3 months are summarized in Table III. 

10 



Table m 



30 



Test Description 


Months of 
0 


storage at 5°C 
3 


a,-PI activity 


205 U/vial 


203 U/vial 


a,-PI Activity 
after 

reconstitution: 






0 hours 


213 U/vial 


203 U/vial 


2 hours 


223 U/vial 


210 U/vial 


4 hours 


188 U/vial 


208 U/vial 


£la3tase inhibitory 
activity after 
reconstitution 






0 hours 


323 U/vial 


323 U/vial 


2 hours 


305 U/vial 


298 U/vial 


4 hours 


318 U/vial 


308 U/vial 


Protein content 


0.440 g/vial 


0.453 g/vial 


Phvsical 






Appearance 


Pass 


Pass 


Moisture 


0.50% w/w 


0.37% w/w 


Solubility 


1 minute 


1 minute 


Vacuum 


Present 


Present 


After 3 months 


of storage at 


5°C, samples of a,- 



retained 99% of their original activity. At manufacture, 
ctj~PI activity of samples at 0, 2 or 4 hours after 
reconstitution was 213, 223, and 188 U/vial, respectively. 
Following storage at 5°C for 3 months the a,-PI activity 
following reconstitution was 203, 210, and 208 U/vial at 
0 f 2 and 4 hours, respectively. 
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1 Elastase inhibitory activity was also measured 

following reconstitution of the samples. At the time of 
manufacture, elastase inhibitory activity at 0, 2 or 4 
hours after reconstitution was 323, 305, and 318 U/vial, 

5 respectively. Following storage for 3 months at 5°C, the 
elastase inhibitory activity was 323, 298, and 308 U/vial 
at o, 2 or 4 hours after reconstitution, respectively. 

Moisture content of the o^-PI sample at manufacture 
was 0.50% and after 3 months of storage at 5°C it was 

10 0.37%. 

Further experiments have shown that alphaj-PI remains 
stable for at least 9 months following storage at 5°C. 
Samples stored at 5°c retained 99% of their original a,-PI 
activity. 

15 

Example 4 

Compari son of a ? -PI and Commercial lv Available o^-PI 
a, -PI prepared in Example 2 was analyzed and compared 
to commercially available ctj-PI obtained from the Cutter 
20 Biological division of Miles, Inc. The protein 
composition of the samples were analyzed by radial 
immunodif f us ion . 
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Table IV 
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15 



20 



25 



3 0 



35 



Protein 


a, -PI prepared 


Cutter 


Cutter 




in Example 2 


01J081 mcr/al 


9JUOT47 mq/m\ 


mqr/ml f% Total) 


f% Total > 


(% Totals 


ftajor Protexiig 


oc,-PI 


23.80 (95) 


29.19 (91) 


35.14 (91) 


Haptoglobin 


1.13 {5) 


0.60 (2) 


0.68 (2) 


Albumin 


<0.50 


1.53 (5) 


2.27 (6) 


XgA 


<0.01 


0.92 (3) 


0.90 (2) 


Minor Proteins 


al-Antichymotrypsin 


<0.171 


<0.171 


<0.171 


a2-Antiplastnin 


0.041 


0.083 


0.106 


a2~Macroglobulin 


<0.S0 


<0.50 


<0.50 


Antithrombin III 


<0.060 


0.192 


0.35 


Apolipoprotein Al 


0.06 


0.21 


0.17 


Apoliprotein B 


<0.095 


<0.095 


<0.095 


Cl-Inactivator 


<0.045 


0.091 


0.101 


Ceruloplasmin 


<0.100 


<0.100 


<0.100 


HMW Kininogen 


0.009 


<0.001 


<0.001 


ZgC 


<0.020 


<0.020 


<0.020 


prealbumin 


0.05 


<0.05 


<0.05 


Protein-C 


<0. 00125 


<0. 00125 


<0. 00125 


Protein-S 


<0.001 


<0.001 


<0.001 


Transferrin 


<0.50 


<0.S0 


<0.S0 


% Total = Percent of the Major Immunological ly-Detec ted Plasma 
Proteins 



Example 5 
In Vivo Us e of Alt)ha t -PI 

A group of three rabbits was administered a r PI 

intravenously over a period of approximately one minute at 

a dose of 240 mg/kg of body weight (4 times the clinical 

dose of 60 mg/kg of body weight) , A control rabbit was 

injected with 2.73 ml/kg body weight of 750 mM NaCl, 50 mM 

sodium phosphate, pH 7.5, over a period of one minute. 

Clinical observations were recorded immediately after 

administration and again at 30 and 7 2 hours after 

administration. Body weights were recorded prior to 



-18- 



WO 95/35306 



PCIYUS95/07616 



1 infusion and at the end of the infusion . A gross necropsy 
was performed on all animals at the completion of the 
study . 

clinical signs observed in the a,-PI-treated group 
5 included decreased activity and dyspnea. There was no 
apparent effect on mean body weight of the animals in any 
group during this study. None of the rabbits died in the 
a,-PI-treated groups when a dose equivalent to 240 mg a t - 
Pi/kg of body weight (4 times the clinical dose of 60 
10 mg/kg of body weight) was given. Furthermore, no visible 
lesions were observed in any of the animals at terminal 
necropsy. 

Alpha,-Pl was non-toxic when administered 
intravenously at a dose of 240 mg/kg of body weight (4 
15 times the clinical dose of 60 mg/kg of body weight) . 

Example 6 
In Vivo Use of Alnha r Pl 

2 q A group of three mice were administered aj-PI 

intravenously over a period of approximately one minute at 
a dose of 1500 mg/kg of body weight (25 times the clinical 
dose of 60 mg/kg of body weight) . A group of three 
control mice were injected with 17.0 ml/kg of body weight, 

25 7 50 mM Naci, 50 mM sodium phosphate pH 7.5, over a period 
of one minute. Clinical observations were recorded 
immediately after dosing and again at 24, 48 and 72 hours. 
Body weights were recorded prior to the infusion and at 
the end of the infusion. A gross necropsy was performed 

30 on all animals at the completion of the study. 

The only clinical sign observed was decreased 
activity. There was no apparent effect on mean body 
weight of the animals during this study. None of the mice 
died when a dose of equivalent to 1,500 mg o^-PI/kg of 

35 body weight (25 times the clinical dose of 60 mg/kg of 
body weight) v/as given. Furthermore, no visible lesions 
were observed in any of the animals at terminal necropsy. 
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Based upon the. results from the acute intravenous 
toxicity study in mice, a r Pl was found to toe non-toxic 
when administered intravenously at 1,500 mg/kg of body 
weight (25 times the clinical dose of 60 mg/kg of body 
weight) . 

Example 7 
in Vivo Use of Alpha r PT 

A rabbit study lasting 33 days was designed to 
evaluate the potential toxic effect (s) associated with 
repeated intravenous exposure to aj-Pl. For this study, 
five consecutive daily injections at twice the anticipated 
clinical dose of 60 mg/kg of body weight were 
administered. Preliminary hematological , clinical, 
biochemical, and gross necropsy data obtained from animals 
at day 6 and day 33 after the fifth repeated intravenous 
infusion of a r Pl were obtained. Alpha x -Pl was prepared 
by reconstitution of lyophilized powder with 5 ml Sterile 
Water for Injection to a concentration of 88 mg ce,-PI/ml. 
A 5X buffer (750 mM NaCl, 50 mM sodium phosphate, pH 7.5) 
containing a concentration of salt similar to that within 
the reconstituted test-article served as the control. 
Male and female Albino New Zealand White rabbits (2.0 to 
3.0 kg) were used as the test and control recipients. 

Twelve (12) rabbits were administered intravenous 
equivalent-volume injections of either a 5X buffer (6 
animals) or aj-PI (6 animals) at a dose of 120 mg (1.4 
ml) /kg. Infusions of the 5X buffer and a,-PI were 
repeated daily for five consecutive days. The animals 
were separated into two sex-matched groups of six animals, 
three received control solution and three received the ckj- 
PI solution. Each group of six animals were evaluated at 
day 6 and day 3 3 after commencement of the infusions. 
Following each infusion, all rabbits were observed at 30 
and 60 minutes, then hourly for four hours. After the 
last infusion, the animals were monitored daily for 
pharmacotoxic signs and mortality. 
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1 Repeated administration of a,~PI at 120. mg/kg of body' 

weight (two-times the clinical dose of 60 mg/kg of body 
weight) or an equal volume of 5X buffer control for five 
consecutive days, resulted in no significant perturbations 

5 in hematologic, clinical or biochemical parameters among 
rabbits examined at day 6 or day 33 after administration 
of the final dose. 

The present invention is not limited to the specific 
10 embodiment given . It will be obvious to one skilled in 
the art that variations, such as variations in buffer 
concentration and types of buffers and salts, could also 
be used. Therefore, the present invention is not intended 
to be limited to the working embodiments described above. 
15 The scope of the invention is defined in the following 
claims . 
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1 WHAT IS CLAIMED IS: 

1. A process for purifying a, -proteinase inhibitor 
comprising: 

5 providing an impure protein fraction comprising 

ctj-proteinase inhibitor; 

suspending the impure protein fraction 
comprising a, -proteinase inhibitor in water; 

precipitating the impure protein fraction 
10 comprising a,-proteinase inhibitor with a precipitant 
comprising, PEG:*; 

collecting a supernatant from the PEG 
precipitation, wherein the supernatant comprises a,- 
proteinase inhibitor; 
15 applying the supernatant from the PEG 

precipitation to an. anion-exchange medium; 

recovering a fraction comprising a,-proteinace 
inhibitor from the an ion-exchange medium; 

applying the fraction comprising a,-proteinase 
20 inhibitor recovered from the anion-exchange chromatography 
medium to a metal chelate medium; and 

recovering a fraction comprising a, -proteinase 
inhibitor from the metal chelate medium. 

25 2. A process as recited in claim 1 wherein the 

impure protein fraction comprising a,-proteinase inhibitor 
is suspended in 3 to 10 parts of water for each part of 
impure protein fraction comprising a, -proteinase 
inhibitor. 



30 



35 



3 . A process as recited in claim 1 wherein the PEG 
precipitant further comprises ZnCl 2 . 

4 , A process as recited in claim 1 wherein the PEG 
is present at a concentration of 7.5% to 22.5% w/w. 
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1 5. A process as recited in claim 3 wherein the 

ZnCl 2 is present at a concentration of 0.25 to 0.75 mM. 

6 . A process as recited in claim 1 further 
5 comprising precipitating the PEG precipitated fraction 

which comprises c^-proteinase inhibitor with ZnCl 2 . 

7. A process as recited in claim 6 wherein the 
ZnCl 2 is present at a concentration of 5 to 15 mM. 

10 

8. A process as recited in claim 1 further 
comprising applying the fraction comprising (^-proteinase 
inhibitor recovered from the metal chelate chromatography 
medium to a second anion-exchange medium. 

15 

9. A process as recited in claim 1 further 
comprising treating the fraction comprising ^-proteinase 
inhibitor recovered from the anion-exchange medium to 
inactivate any viral contaminants present in the fraction 

20 comprising a,-proteinase inhibitor. 

10. A process as recited in claim l further 
comprising treating the fraction comprising a,-proteinase 
inhibitor recovered from the metal chelate medium to 

25 inactivate any viral contaminants present in the fraction 
comprising ctj-proteinase inhibitor. 

11. A process as recited in claim 9 wherein the 
fraction comprising aj-proteinase inhibitor is treated 

30 with solvent and detergent- 

12. A process as recited in claim 9 wherein the 
fraction comprising cr,-proteinase inhibitor is treated 
with tri-n-butyl phosphate and polysorbate 80. 

35 
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l 13 . A process as recited in claim 9. wherein the' ' 

fraction comprising (^-proteinase inhibitor is treated 
with 0,15 to 0.45% w/v tri-n-butyl phosphate and 0.5 to 
1.5% w/v polysorbate 80, 

5 

14. A process as recited in claim 10 wherein the 
fraction comprising a,-proteinase inhibitor is treated 
with solvent and detergent. 

10 15- A process as recited in claim 10 wherein the 

fraction comprising a,-proteinase inhibitor is treated 
with tri-n-butyl phosphate and polysorbate 80. 

16. A process as recited in claim 10 wherein the 
15 fraction comprising (^-proteinase inhibitor is treated 

with 0.15 to 0.45% w/v tri~n-butyl phosphate and 0.5 to 
1.5% w/v polysorbate 80. 

17 . A process as recited in claim l wherein the 
20 metal chelate medium is selected from the group consisting 

of Cu + + chelate medium, Zn + * chelate medium. 

18. A process as recited in claim 16 wherein the 
fraction comprising o^-proteinase inhibitor is eluted from 

25 the metal chelate medium with an aqueous solution 
comprising imidazole. 

19. A process as recited in claim 16 wherein the 
• fraction comprising a, -proteinase, inhibitor is eluted 

30 from the metal chelate medium with an aqueous solution 
comprising 2.5 to 7.5 mM imidazole. 
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Purification of a t Proteinase 
Inhibitor from Human Plasma 
Fraction IV-1 by Ion Exchange 
Chromatography 



Abstract 

Background and Objectives: a-proteinase inhibitor (PI) protects the lungs 
from proteolytic damage caused by elastase and can be used to treat congenital 
emphysema. We describe an improved method of purification of a x PI from re- 
dissolved fraction IV-1 ^paste. Materials and Methods: The process used 
dimethylaminoethyi anion exchange chromatography, sulfopropyl cation ex- 
change chromatography, virus jnactiv&tion by dry heat, and tri-n-butyl-phos- 
phate/cholate^ by a second strong cation exchange chromato- 

graphy. Optimizations of loading conditions for ion exchange chromatography at 
small scale (20-60 ml of suspension) are described. Virus inactivation was ad- 
justed to provide the best yield of a, PI consistent with effective inactivation. The 
process has been effectively scaled up. Results: The final product was approxi- 
mately 90% pure by SDS-PAGE, with a 60-70% yield from starting fraction IV-1 
paste. The process has been characterized by methods including nonreduced 
SDS-PAGE, a, PI inhibition assay, and biuret protein assay. Conclusion: The 
method described is an effective way of preparing large quantities of a, PI from 
fractionated plasma. 



Introduction 

a, proteinase inhibitor (PI) belongs to the serine protei- 
nase inhibitor (SERPIN) family of proteins and protects the 
lungs against proteolytic damage caused by elastase [1] . It is 
secreted by the liver into the circulation and diffuses into 
tissue spaces, where it inactivates free elastase by forming 
stable complexes that are rapidly removed from the circula- 
tion [2]. Congenital deficiency in ci] PI which results in em- 
physema [1-6] may be treated by infusion of 4 g of a ( PI per 
70-kg person every 2 weeks throughout life [7]. According 
to the World Health Organization [8], it is estimated that 
only 4% of a t PI deficiency patients have been identified 
and less than that are treated. 



cti PI has 394 amino acids, one cysteine residue, and 
three carbohydrate side chains, giving an overall molecular 
weight of 52 kD [1, 9], The crystal structure of a, PI cleaved 
at the Pl-Pr bond has been solved by Loebermann et al. 
[10]. Eighty percent of the polypeptide chain is arranged in 
eight well-defined a-helices (A-H) and three large pleated 
p-sheets (A-C). A critical feature of the molecule is the A 
(3-sheet. Active a, PI serves as a pseudosubstrate for elas- 
tase. Elastase first attacks the reactive center loop by cleav- 
age between Pl-Pl' residues at Met* 58 -Ser 359 ; the resulting 
aminoterminal polypeptide segment can fold into the A P- 
sheet, accompanied by a major structural rearrangement to 
form the di Pl-elastase complex [1]. The crystal structure of 
uncleavedct, PI was published by Song etal. [11]. The most 
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significant difference between the uncleaved and cleaved ct| 
PI is in the conformation of the reactive loop. Polymeriza- 
tion of active a x PI can be induced by heat. Heat-polymer- 
ized a, PI and cleaved ct| PI show the same urea transition 
curve on transverse-urea-gradient-polyacrylamide gel elec- 
trophoresis, i.e. failure to unfold, indicating that the A sheet 
is stabilized in these forms [12]. 

Several publications have described the purification of 
a, PI by chromatography [13-21]; DEAE ion exchange 
chromatography has been widely used [13, 14, 16, 17] as one 
of the purification steps. Schultze and Heimburger [19] re- 
ported using carboxymethyl cation resin to purify ot| PI 
from human plasma. Based upon the reported concentration 
of 1.3 mg/ml of a, PI in plasma [20], the purity of a, PI 
prepared by the latter methodology would appear to be 
^40%. 

Baliieux et al. [21] purified a complex of aj PI and pro- 
teinase^ from purulent sputum using cation exchange 
chromatography as one of the three purification steps. Un- 
der the pH 7.0 condition used in this study, most of the spu- 
tum proteins bound to the resin, but a, PI and proteinase-3 
passed through without binding. 

Hein et al. [17] described a clinically approved method 
for the production of at PL This method employs Cohn 
fraction IV-1 paste as the starting material; however, Cohn 
fraction IV-1 paste is precipitated in the presence of 20% 
ethanol, at pH 5-1, which is denaturing for cti PI. For this 
reason, the paste must be dissolved at pH 9 and heated at 
45 °C for 90 min in order to recover a i PI activity. The solu- 
tion is then precipitated with polyethylene glycol followed 
by chromatography on DEAE Sepharose. The process also 
incorporates at 10-hour heat treatment at 60°C as a viral in- 
activation step. Although the <X| PI produced by this metho- 
dology is clinically valuable, the yield from IV-1 paste is 
about 45% and purity is about 60%. 

We report here a much needed new process for produc- 
ing ai PI that gives both a higher yield and purity and that 
includes an additional viral inactivation step to ensure the 
safety of the product. The combination of both solvent de- 
tergent treatment and dry heat treatment is necessary to en- 
sure sufficient inactivation of viruses. Solvent detergent 
treatment is effective against enveloped viruses such as 
HIV, but is ineffective against non-enveloped viruses such 
as HAV Dry heat treatment is effective against both enve- 
loped and non-enveloped viruses. Together, these two meth- 
ods and other processing steps will provide > 10 logs of re- 
moval of enveloped viruses and > 6 logs of removal of non- 
enveloped viruses as recommended by the Paul Ehrlich In- 
stitute guidelines [22]. This new process uses DEAE resin 
for removal of lipoprotein. A strong cation resin is then used 
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Fig.1. Process flow forai PI purification from Cohn fraction IV- 1 
paste. 



at low pH, low salt concentration and moderate protein 
concentration. Following two different viral inactivation 
steps, additional contaminating proteins and inactive a ( PI 
are removed by a second cation chromatography step. This 
new process increases the yield to a range of 60-70% and 
the purity to around 90% by SDS-PAGE. 



Materials and Methods 

Pilot Scale Purification of a y PI 

Figure 1 outlines the steps in processing a, PI from Cohn fraction 
IV- 1 paste. The preparation of Cohn fraction 1V-! paste was as de- 
scribed by Lebing et al. [23]. Frozen human plasma was thawed and 
the cryoprecipitate removed by centrifugation. Fibrinogen was re- 
moved by precipitation in 8% ethanol followed by centrifugation. Im- 
munoglobulins were precipitated by addition of ethanol to 20% and 
removed by centrifugation as fraction 11+ III. IVM paste was precipitat- 
ed by adjustment of pH to 5.1 and removed by centrifugation. IV-l 
paste was suspended in 0.005 M Tris buffer, followed by heating ac- 
cording to Hoffman [24]. The new process comprises one DEAE 
chromatography, two cation chromatographies, and two viral inactiva- 
tion steps. 

The heat-treated IV-1 suspension was adjusted to conductivity 
s 5 mmho/cm with NaCI, and then the pH was adjusted to 8.0 .The 
column, described below, was equilibrated with 20 mA/ dibasic sodi- 
um phosphate and 20 mM sodium chloride at pH 8.0. Five column vol- 
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umes of IV- 1 suspension were applied to each column volume of 
DEAE Sepharose fast flow resin (Pharmacia). The suspension was 
loaded at a linear flow rate of 150 cm/h to a 18 cm diameter X 20 cm 
high column (Pharmacia), followed by a 3 column volume (CV) wash 
with equilibration buffer, o, PI was cluted with 20 mM dibasic sodium 
phosphate and 95 mM sodium chloride at pH 8.0. The remaining 
bound proteins were eluted from the resin with 100 mM dibasic sodi- 
um phosphate and I M sodium chloride at pH 8.0. The column was 
cleaned with 0.5 M NaOH and then regenerated with 100 mM dibasic 
sodium phosphate and I M sodium chloride, followed by 20 mM di- 
basic sodium phosphate and 20 mM sodium chloride. The resin may 
be stored in 0.02 M NaOH. 

The DEAE eluate was diafiltered against 8 volumes of 20 mM 
monobasic sodium phosphate and 5 mM sodium chloride at pH 6.5 at 
5*C. This was performed on an SP20 ultrafiltration unit with 10,000 
M W cutofT spiral media (Amicon). The diafiltered DEAE eluate was 
adjusted to a pH of 5.45-5.50 and an absorbance at 280 nm (A 2W ) of 
3.5. The column, 20 cm diameter X 30 cm high, packed with Macro* 
Prep High S (BioRad) cation resin, was equilibrated with 20 mM 
monobasic sodium phosphate and 5 mM sodium chloride at pH 5.5 at 
ambient temperature. Three fifths of the DEAE eluate, obtained from 
DEAE chromatography, were loaded at a linear flow rate of 150 cm/h. 
a, PI passes through the column without binding. The flow-through, 
containing a, PI, was concentrated to an A 2W of 40 and adjusted to pH 
.7.0 with I AWaOH, and 0, 15 M sodium chloride was added. The bound 
proteins were eluted from the cation column with 100 mM monobasic 
sodium phosphate and 1 A/sodium chloride at pH 5.5. The column was 
cleaned with 2 CV of 0.5 M NaOH and then regenerated with 20 mM 
monobasic sodium phosphate and 5 mM sodium chloride at pH 5.5. 

At this time, the a, PI was frozen at -90°C. For the first viral inacti- 
vation step, the a, PI solution was thawed, mixed, adjusted to pH 6.5, 
histidinc was added to give a final concentration of 60 mM, and then 
the solution was lyophilized in trays, The freeze-dry cycle was as fol- 
lows: hold at atmospheric pressure at a shelf temperature of-25°C for 
2 h; decrease shelf temperature to -40°C for another 2 h; apply vacu- 
um to 220 microns and then hold for the rest of the process; heat 
shelves at -10°C under vacuum for 35.5 h, at which time the shelves 
were heated to +35 °C under vacuum for a further 24 h. The lyophilized 
material was then heated at 80°C for 72 h to inactivate viruses. Dry 
heat treatment could lead to limited denaturation of a, PI; however, the 
inclusion of a second cation resin removed the denatured a, PI. There- 
fore, intermediate dry heat treatment was evaluated instead of dry heat 
treatment in the final container. It was then dissolved in purified water, 
and .sucrose was added as a stabilizer to a final concentration of 37%. 
Tri-n-butyl phosphate (TNBP), final concentration 0.3% (w/w), and 
sodium cholate (0.2%, w/w) were added from a stock solution of 5% 
(w/w) TNBP and 4% (w/w) cholate. This solvent/detergent treatment 
inactivates enveloped viruses. After a 3-hour incubation at 30°C, 
TNBP and cholate were removed by filtration and diafiltration. 

The virally inactivated solution was diafiltered against 20 mM 
monobasic sodium phosphate and 5 mM sodium chloride at pH 6.5. 
The diafiltered solution was adjusted to pH 5.5 with 1 M acetic acid 
and loaded onto a second column containing the same resin as the first 
cation column, 20 cm diameter X 30 cm high, to remove any remaining 
contaminants, a, PI denatured by the viral inactivation steps, and 
TNBP residues. The native form of a j PI passed through the column 
with the loading buffer. The denatured a, PI bound to the column. The 
collected flow-through was adjusted to pH 7.0, 0.1 M sodium chloride. 
The a, PI was concentrated by ultrafiltration to 34 mg/ml using a 
DC-10 ultrafilter with spiral media (Amicon). The solution was filled 



into the bottles and lyophilized. The following freeze-dry cycle was 
employed: hold at -25°C for 2 h at atmospheric pressure; decrease 
temperature to -40°C for another 2 h; apply vacuum to 220 microns 
for the remainder of the process; heat shelves to +10°C under vacuum 
for 30 h before the shelves are maintained at +35 °C under vacuum for a 
further 24 h. 

Analytical Assays 

a, PI activity was determined by inhibition of porcine pancreatic 
elastase using chromogenic substrate [succinyl-(alanine)j-/wiitro- 
anillide] (Sigma) at an absorbance at 405 nm [2J, The assay was per- 
formed using a Denly Wcllprcp 2000 workstation. The samples were 
prepared by Hamilton Dilutor-Micro Lab 500. The microliter plates 
were road with a Molecular Devices Thcrmomax microtitcr plate read- 
er with a 405 -nm filter and So ft Max for Windows software version 1.0. 
Potency was expressed as milligrams of a, PI per milliliter of sample. 
A human reference standard plasma (Helena Laboratories) was used. 
Immunoreactive a, PI and other proteins were quantified using a laser 
nephclometer immunoprecipitation assay (Behring Diagnostics) ac- 
cording to the manufacturer's recommendations. 

Biuret protein assay was performed at 546 nm [25], using a Denly 
Wellprep 2000 workstation. The protein concentration was expressed 
as milligrams of protein per milliliter of sample. A reference standard 
albumin was used. The specific activity of a, PI was calculated on the 
basis of a i PI activity assay and biuret protein assay. 

Polyacrylamide gel electrophoresis was performed using a mini 
gel system (Novex) with precast 10% polyacrylamide gels. All gels 
were fixed in 10% TCA and stained with a colloidal blue stain (In- 
tegrated Separation Systems). Densitometry was performed using an 
Ultrascan XL laser densitometer (Pharmacia Diagnostics). 

Western blot was performed as follows: proteins were electropho- 
resed under nonreduced conditions and transferred electrophorctically 
to a nitrocellulose membrane for 2 h at a constant current of 200 mA. 
After electrophoretic transfer, the nitrocellulose membrane was 
blocked overnight with casein in PBS blocker (Pierce) and incubated 
with an anti-human a, PI (Pierce) for 1 h at 37°C and 3 h at 4°C. The a, 
% PI was detected by a chemilumincscent method. 

An assay for TNBP was developed by Wayne Zunic and David 
McAleese [pers. commun.}. Samples containing < 1 ug/ml TNBP 
were loaded onto a C (8 solid phase extraction column. The hydrophob- 
ic TNBP partitions into the stationary phase while the hydrophilic pro- 
tein is washed through the column with water. TNBP and TNPP, which 
was included as an internal standard, were eluted from the column 
with hexane and concentrated by evaporation. The TNBP concentra- 
tion was then determined by gas chromatography using a nonpolar co- 
lumn and flame ionization detection. 

An assay for cholate was also developed by Wayne Zunic [pers. 
commun. J. Cholate in the sample was converted to cholic acid by dilu- 
tion with hydrochloric acid. This diluted solution was passed through a 
trifunctionalized C l8 solid phase extraction column. Cholic acid was 
retained on the solid phase extraction while the protein in the sample 
was washed through with hydrochloric acid. The cholic acid was elut- 
ed from the solid phase extraction with acetone and collected in a volu- 
metric flask. Acetone was evaporated from the solution with a nitro- 
gen stream evaporator, and the remaining solution is reconstituted 
with sodium hydroxide. Cholic acid is deprotonated at this high pH, 
and the cholate ion was separated on an anion exchange column. De- 
tection was accomplished by measuring the current from the oxidation 
of cholate with a pulsed electrochemical detector. 
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Fig. 2. Non-reduced SDS-PAGE analyses of a, PI in the flow- 
through of the first cation column. Samples were; molecular weight 
markers (lane I), DEAE cluate (lane 2), cation 1 flow-through pool 
from 1-CV DEAE eluate loading (lane 3), cation 1 flow-through pool 
from 1.5-C V DEAE eluate loading (lane 4), cation 1 flow-through pool 
from 2-CV DEAE eluate loading (lane 5) t cation 1 flow-through pool 
from 3-CV DEAE eluate loading (lane 6), cation 1 flow-through pool 
from 4-CV DEAE eluate loading (lane 7), cation 1 flow-through pool 
from 5-CV DEAE eluate loading (lane 8). About 15 jxg of protein were 
added to each lane. 



Results 

Optimization of DEAE Anion Chromatography at the 
Bench Scale 

Table 1 shows the effect of loading different amounts of 
resuspended IV-1 paste onto the DEAE column on the purity 
and yield of <X\ PI elutcd from this column. The loading and 
wash conditions were selected so that a } PI binds to the co- 
lumn while contaminants, particularly lipoprotein, flow 
through the column. There was no detectable a, PI activity 
in the flow-through and wash with 4-CV loading. There was 
4% yield loss for 5-CV loading. To maximize recovery, 4- to 
5-CV loadings were used in the subsequent experiments. As 
anticipated by displacement chromatography theory [26], 
the specific activity of aj PI in the DEAE eluate appeared to 
increase with larger column loads of resuspended IV-1 paste. 

Optimization of First Cation Chromatography at the 
Bench Scale 

pH plays a key role in this cation chromatography step. 
Initial experiments have shown that the pH must be less than 
6.0, with an optimum of 5.5. Yield, purity, and capacity are 
the major considerations for the first cation column. Figure 
2 shows the effect of increasing volumes of DEAE eluate on 



Table 1. Effect of different volumes of resuspended IV- 1 paste 
loading on the purity and yield from DEAE chromatography 

Loading Yield Loss in loading Specific activity 
CV % % mgd Pl/mg protein 



loading (lane 3) results in 89% a, PI. The upper band repre- 
sents ct t PI dimer (see identification of a, PI monomer and 
dimer). One-and-a-half- loading (lane 4), 2- loading (lane 5) 
and 3-CV loading (lane 6) have similar purity in the range of 
66-77%. The a x PI monomer drops to 46%, for the 4-CV 
loading. Based on these results, 3-CV loading was chosen. 

Evaluation of Stabilizers for 80°CDry Heat Viral 
Inactivation 

Dry heat at 80°C can inactivate both enveloped and non- 
enveloped viruses [27]. Dry heat treatment of purified a, PI 
with histidine present as stabilizer was also found to inacti- 
vate non-enveloped Reovirus type 3 and bovine Parvovirus 
as anticipated [B. Masecar, pers. commun.]. The latter ex- 
periments were performed in vials rather than the slab for- 
mat described here. It is important to note that the moisture 
content of the cake may influence the effectiveness of dry 
heat treatment [B. Masecar and M. Savage, pers. commun.]. 
A moisture level between 0.3 and 2% was found to provide 
good viral inactivation (S6 logio reduction of Reovirus, 3.7 
log, 0 reduction for bovine Parvovirus) while preserving 
94% of a t PI activity. Table 2 shows the effect of different 
stabilizers on activity. There is significant polymer forma- 
tion using 0.02 M sodium phosphate (fig. 3). Both activity 
recovery and native gel profiles have indicated that histidine 
(30 and 60 mM) stabilized a, PI better than sodium phos- 
phate (0.02 M), glycine (0.1 M), or alanine (0.1 A/). The 
moisture level was in the range of 0.8-1.0%. Subsequent ex- 
periments were performed using 60 mM histidine. 



4 92 0 0.17 

5 86 4 0.19 

6 74 18 0.25 



One CV is 16 ml in this experiment. Yield was calculated based on 
a, PI activity in the DEAE elution. Yield loss was calculated based on 
a, PI activity in the DEAE flow-through and wash. The initial specific 
activity of IV-1 suspension is about 0.1 mga, Pl/mg protein. 



the purity of a i PI in the flow-through. The experiment was 
performed as described in the Materials and Methods sec- 
tion. The starting protein concentration was 4.0 mg/ml. The 
SDS-PAGE profiles of samples are from pooled flow- 
through material under different loading conditions. DEAE 
eluate is given in lane 2. Its profile was comparable to the 
starting material IV-1 suspension (fig. 6, lane 2). One-CV 
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Table Z. Effect of different excipients on 
a, PI recovery following dry heat treatment 



Fig, 3, Native gel analyses of dry heal treatment in the presence of 
different excipients. Samples were: cation 2 flow-through before dry 
heat in the presence of 60 mA/histidinc (lane 1), cation 2 flow-through 
after 72 h dry heal treatment in the presence of 60 mM histidine 
(lane 2), cation 2 flow-through before dry heat in the presence of 
0.02 M sodium phosphate (lane 3), cation 2 flow-through after 72 h 
dry heat treatment in the presence of 0.02 AY sodium phosphate 
(lane 4). About 20 ug of protein were loaded in each lane. 
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a, PI recovery after 




72 hat 80°C.% 


0.02 A/Na phosphate 


72 


60 mA/ histidine 


88 


30 mA/ histidine 


88 


0.1 M glycine 


71 


0.1 M alanine 


87 



The cation 2 flow-through (25 mg/ml) 
was lyophilized with two conditions for each 
excipient. One was stored at +5°C while the 
other set was placed in a 80°C oven for 72 h. 
Both sets of samples were analyzed for a, PI 
activity. The percent recovery of a, PI was 
calculated as the ratio of activity remaining in 
the samples heated at 80°C relative to that ob- 
served in the samples stored at 5°C 



Optimization ofTNBP/Cholate Solvent-Detergent 
Treatment 

Table 3 (lines 3 and 4) shows the effect of incubating a! 
PI for different times in the presence of 0.3% TNBP/0.2% 
sodium cholate. TNBP/choIate alone caused a large initial 
loss (35%) of a, PI activity that worsened with time (line 3); 
there was a further 52% activity loss during the first 5 h. 
However, the addition of sucrose plus citrate protected the 
a i PI against inactivation by TNBP/choiate and reduced the 
activity loss to 15% over this same 5-hour period (line 4). In 
the absence of TNBP/cholate, ctj PI was very stable (lines I 
and 2) and exhibited no loss in activity within the assay var- 
iation (±10%). Full inactivation of the enveloped virus 
BVDV was found in both the presence and absence of su- 
crose [B, Masecar, pers. commun.J. Increasing protein con- 
centration also resulted in higher a, PI stability (results not 
shown). 

Conditions of the Second Cation Chromatography 
The method for performing both cation chromatography 
steps is similar. The first cation chromatography focuses on 
maximization of yield, while the second cation chromatog- 
raphy emphasizes purity and removes denatured a, PL 
Chromatography was performed at pH 5.5, conductivity 
< 2.5 mmho/cm, and protein concentration at A 2*0 4.6. The 
amount of protein load was A 2 go 7.3/1 solution/1 resin. 



Table 3. Effect of sucrose/citrate and incubation time on a, PI re- 
covery following TNBP/cholate treatment 



Method Test conditions «, PI activity recovery, % 
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0.5 h 


Ih 


2h 


5h 
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no additives 


100 


103 


104 


103 


97 


2 


sucrose/citrate 


100 


94 


97 


94 


91 


3 


TNBP/cholate 


100 


90 


90 


74 


52 


4 


sucrose/citrate, 


100 


94 


94 


91 


85 




and TNBP/cholate 













Test conditions were as follows. In method 1, 5 ml of a, PI solution 
were incubated at 30°C, samples were taken at the indicated times. In 
method 2, the starting sample was first diluted with Z6 g of sucrose 
citrate stock solution (0.43 M sodium citrate, 7.8 mA/ citric acid, 42.7% 
sucrose) per gram a, PI and treated as in method 1. In method 3, sam- 
ples were diluted with a 7.5% TNBP/7.5% sodium cholate stock solu- 
tion to give a final concentration of 0.3% TNBP/0.3% sodium cholate. 
Samples were diluted 1:1,000 prior to the ai PI activity assay, which 
minimizes any further damage to the protein by TNBP/cholate. In 
method 4, the starting sample was first diluted with 2.6 g of sucrose 
citrate stock solution per gram of a, PI and then diluted with a 7,5% 
TNBP/7.5% sodium cholate stock solution to give a final concentra- 
tion of 03% TNBP/0.3% sodium cholate. 



Identification of a x PI Monomer and Dimer 
The identity of the upper (MW 158,000) and lower (M W 
57,000) SDS-PAGE bands were confirmed as being a, PI 
dimer and monomer, respectively, by the following studies. 
Figure 4 A is non-reducing SDS-PAGE. Figure 4B is a West- 
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ern blot probed with anti-human a, PI IgG and developed as 
described in the Materials and Methods. Figure AC is the 
control for the Western blot analysis. Both upper and lower 
bands reacted with the a r Pl-specific antibody, suggesting 
that both were <Xi PI. Reduction of the dimer resulted in a 
single band on SDS-PAGE with the mobility of a , PI mono- 
mer, consistent with this being the dimer of a, PL The West- 
ern blot analysis shows that the a, PI dimer was present in 
all intermediates throughout the whole process, including 
the starting material IV-1 suspension. For the IV- 1 suspen- 
sion (tig. 4, lane I), there was another band above the dimer. 
The same band was also visible on the control gel (fig. 4C) 
in the absence of anti-human PI antibody indicating that 
this bands was unlikely to be a \ PI; it may represent cross- 
reactivity to human IgG present in the starting material. 

Pilot Scale Process 

Three chromatography steps are involved in the purifica- 
tion of a, PI from resuspended IV-1 paste (fig. 1). The 
280 nm absorbance profile for purification of <Xj PI on 
DEAE is shown in figure 5A. The first broad peak of this 
profile was the flow-through proteins, which consisted 
mainly of lipoproteins. The peak at 85 min consisted mostly 
of transferrin. The third broad peak starting at 94 min con- 
tained 25% pure a, PI with a yield of 88%. The last peak 
was eluted during cleaning of the column and contained 5% 
oftheappliedai PI. 

The absorbance profile for the purification of cti PI on 
the first cation column is shown in figure 5B. The peak from 
52 to 102 min contained 73% pure a, PI with a yield of 96%. 
The increase in UV absorbance during the loading was ac- 
companied by an increase in pH from 5.5 to 5.9. 

The absorbance profile for the purification of a, PI on 
the second cation column is shown in figure 5C. The peak 
from 58 to 93 min contains 92% pure a, PI with a yield of 
99%. The peaks eluted during the cleaning phase in figures 
5B and 5C represented proteins bound more tightly to the 
resin, including denatured ctj PI. Residual TNBP present in 
the a, PI preparation was found to bind to the matrix of the 
resin. This residual TNBP was subsequently removed from 
the resin by cleaning with 0.5-CV of 90% ethanol. This step 
was started at 116 min, 

A summary of the overall recoveries and purities in the 
key steps of the process is given table 4. Yields from the 
three chromatography steps were 88% (DEAE), 96% (1st 
cation) and 99% (2nd cation). The overall recovery was 
63%. The biggest individual loss occurred at the dry heat 
stage. Figure 6 shows an SDS-PAGE gel of the product at 
different stages in processing. There were readily apparent 
purity increases after cation 1 (lane 4) and cation 2 (lane 5). 



fig. 4. Western blot analyses of a, PI monometer and dimer for 
intermediate steps during processing. A Non-reduced SDS-PAGE. B 
Western blot probed with anti-human a, PI IgG from mouse and goat 
anti-mouse I£G conjugated with alkaline phosphatase. C Control for 
the Western blot probed with secondary antibody goat anti-mouse IgG 
conjugated with alkaline phosphatase. The molecular weight markers 
are given in lane MW. Samples were: IV-1 suspension (lane I), DEAE 
eluate (lane 2), cation I flow-through (lane 3 ), postpasteurized cation 1 
flow-through (lane 4), cation 2 flow-through (lane 5), current product 
Prolastin (lane 6). 
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Fig, 5. DEAE chromatography, cation 1 
chromatography and cation 2 chromatogra- 
phy of ctj PI at the 10-liter scale. Absorbance 
profile (280 nm) for purification of oij PI on 
DEAE column (A), on first cation column 
(B), and on second cation column (C). Equili- 
bration, loading, washing, elution and clean- 
ing portions of each are shown by arrows and 
were performed as described. ct| PI indicates 
the elution position of this protein as deter- 
mined by a, PI activity assay. 



a, PI 



Cleaning 




0 12 24 35 47 59 71 83 95 107 119 131 143 




0 12 24 36 47 59 71 83 95 107 119 131 143 
Time (min) 

a t PI 



2.5 j 
2 - 

3 15 " 

CM 

< 1" 

05 



■ ■ . i ■ Cleaning 
iFtow through & Wash t ► 

Wash 



Loading 




Equilibration 



0 12 24 35 47 59 71 83 95 107 ' 119 131 143 
C Time (min) 



Table 4. Recovery and purity of a, PI from a pilot scale process 



Step 


Total a, PI 


Yield from 


Yield from 


ct| PI monomer 


Specific activity 




g 


IV-I suspension 


previous step 


bySDS-PAGE 


mg ci|/mg protein 






% 


% 






IV- 1 suspension 


282 


too 


N/A 


14 


0.11 


DEAEeluate 


247 


88 


88 


19 


0.25 


UF cation 1 


238 


84 


96 


72 


0.73 


Dry heat 


196 


70 


82 




0.71 


TNBP/chotate 


194 


69 


99 




0.7 


Cation 2 


197 


70 


102 


90 


092 


Lyophilization 


179 


63 


9i 


89 


0.83 



Results are given from ope representative run at pilot scale. Recoveries of individual steps are consistent with experi- 
ments performed at the bench scale. The total volume of IV- 1 suspension was 235 liters. UF =- Ultrafiltration. 
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Fig. 6. Non-reduced SDS-PAGE analyses of 10-liter scale inter- 
mediates. Samples were: molecular weight markers (Jane I), IV-1 sus- 
pension (lane 2), DEAEeluatc (lane 3), cation 1 flow-through (lane 4), 
and cation 2 flow-through (lane 5). About 20 jig of protein were load- 
ed in each lane. 



Table 5. Purity of cation 2 flow-through 
material as measured by immunonephelo- 



metry 


Protein 


Concentration 




mg/ml 


Ct| PI 








ct| acid glycoprotein 


o.ii 


Transferrin 


<0.09 


Albumin 


<0.02 


IgG 


<0.004 


Haptoglobin 


<ao7 


IgM 


<0.04 


Ccruloplasmin 


<0.02 


Aj apolipoprotein 


<0.05 


Fibrinogen 


<0.15 


Fibronectin 


<0.02 


AT1I1 


<0.03 



Table 5 lists the protein composition of the final product 
determined by immuno-nephelometry. The major contami- 
nants were IgA and a, acid glycoprotein, representing 3.4 
and 0.4% of the content of a, PI. 



Discussion 

We have described a new process for a, PI production 
which includes two viral inactivation steps. This process 
provides a final product purity of at least 87% a , PI mono- 
mer and 3% a! PI dimer, as determined by SDS-PAGE anal- 
ysis. The specific activity of a] PI obtained from this proc- 
ess was 0.83 g <Xt Pl/g protein. The overall yield from re- 
suspended IV-1 paste to freeze-dried final product was 63%. 
Overall, both purity and yield have exceeded previously de- 
scribed processes [17, 28]. This process also includes two 
established methods ofy iral im^ 

venkdeter^enk u%s& :; two iriSc^vatioh \* 

meSioSs plus additional clearance throughout the process 
assure compliance with all current guidelines for the viral 
inactivation of plasma-deriVed products. 

a i PI has only one cysteine residue, Cys 232 , which is lo- 
cated in a cavity on the surface of the molecule and is avail- 
able for SH-SS interchange reactions both in vivo and in 
vitro [29]. Conformational changes induced by modifica- 
tion of Cys 232 directly affect the active site loop and alter the 
affinity of a, PI for elastase [29, 30]. Our experiments have 
indicated that the specific activity of a, Pi correlates with 



the percentage of monomer detected by size exclusion 
HPLC. Based on these observations, the dimer probably has 
no activity in our assay method; therefore, the actual activ- 
ity of aj PI in our preparation is likely to be underestimated. 
The formation of the dimer is reversible (data not shown) 
and has no known clinical significance. 

a i PI is an electrophoretically heterogeneous protein 
with eight different bands in isoelectric focusing. More than 
75 different alleles have been identified [3 1] Jn the fraction- 
ation industry, plasma pools are composed of units from 
many different donors; thus, many different isomers of a, 
PI are likely to be represented in our starting material. 
Based on the lack of a i PI activity binding to the cation co- 
lumns* this novel purification technique appears to effi- 
ciently separate at least all the major a, PI variants from 
other proteins, but may not distinguish between different 
variants. 

Ion exchange chromatography was chosen because of its 
high binding capacity and relatively low cost. DEAE resin is 
frequently used for a, PI purification, but the purity of a, PI 
clutcd from DEAE resin with IV-1 suspension as starting 
material is low. The DEAE column removes more than 50% 
of the lipoprotein in the flow-through. It also removes a, 
acid glycoprotein. The removal of these impurities substan- 
tially increases the capacity of the cation column. 

The selectivity of the cation resin (pH 5.5) contributes to 
the high purity. Low pH plays a key role in the success of 
this chromatographic step, a, PI has an isoelectric point 
which ranges from pH 4.4 to 4.7 according to different phe- 
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notypes [31]. Therefore, ctj PI carries a net negative charge 
at pH 5.5 and flows through the column. One of the identi- 
fied contaminants, a, acid glycoprotein, can also flow 
through the column because of its low pi, 2,7 [32] , The ma- 
jor contaminant, IgA, is partially co-eluted with cti PI on 
the DEAE column and is separated on the cation column. 
The small amount of IgA flowing through the cation co- 
lumn probably represents breakthrough of IgA. Higher re- 
moval of IgA is possible by decreasing the loading of this 
column. However, this affects the yield and capacity of the 
process. 

For safety considerations, at least two different viral in- 
activation steps need to be incorporated into the production 
of plasma-derived products. This assures compliance with 
the PEI guidelines for viral clearance of plasma products. 
These guidelines state that the clearance of enveloped virus 
must be at least 10 logs including two individual steps each 
of at least 4 logs. Non-enveloped viral clearance must be at 
least 6 logs and should include a single step of at least 4 logs. 
Both dry heat treatment at 80°C for 72 h and TNBP/cholate 
treatment can result in some degree of a, PI denatiiration 
due to polymerization or to structural changes. Two strate- 
gies for dry heat treatment have been evaluated. The first 
uses a process intermediate while the second heats the final 
container. Both have their strengths and weaknesses. The 
intermediate dry heat treatment is more expensive and diffi- 
cult to perform from a production perspective though re- 
moval of any heat-denatured material is possible during 
subsequent processing, e.g. the second cation column re- 
moves heat denatured a } PI. Terminal dry heat is easier to 
perform from a manufacturing perspective, but offers no 
opportunity to remove denatured protein from the final con- 
tainer. It is possible that some isoforms of aj PI exhibit dif- 
ferent stability. Loop-sheet polymerization can cause loss of 
activity. Schulze et al. [33] demonstrated that native anti- 
trypsin heated at 60°C for 2 h forms polymers. Polymeriza- 
tion also occurs when a, PI is heated at 48°C for 15 h [12]. 
The polymers are noncovalently assembled. Therefore, 
monomers can be regenerated from the polymers by treat- 
ment with 2% SDS in the absence of thiol-reducing agents 
[34]. The probable mechanism of heat-induced polymeri- 
zation is due to interactions between components of the A- 
sheet and reactive site loop of adjacent <X| PI molecules [12]. 
This mechanism may be able to explain the limited dena- 
turation observed during dry heat treatment at 80°C. It is 
also possible that polymers may be formed during solvent- 
detergent treatment. Formation of polymers can also be ana- 
lyzed by native PAGE. 

The second cation chromatography step is incorporated 
for removal of the denatured a, PI. Heat and solvent-deter- 



gent treatments can cause denaturation of a, PI [30], This 
may be due to a conformational change where negative 
charge groups on the molecule form a salt bridge within the 
molecule or with adjacent a, PI molecules, resulting in an 
increased affinity for the cation resin. More than 95% of the 
TNBP and chelate have been removed by filtration and dia- 
filtration prior to the second cation chromatography co- 
lumn. This chromatography step also functions to remove 
residual TNBP. 

Although a, PI has been purified from recombinant 
sources, plasma remains the only source for producing li- 
censed product. In the plasma industry, Cohn fractionation 
is still the backbone for purification of a variety of products, 
such as IgG, albumin, fibrinogen, and ATIII. The starting 
concentration of a, PI in the plasma is about L3 mg/ml [20]. 
The recovery of a, PI in Cohn fraction effluent I is around 
95% of cij PI in the plasma. The recovery of a, PI at Cohn 
fraction effluent II+III stage is around 90%, while the recov- 
ery of <*! PI at the IV-1 paste stage significantly drops to 
around 25% of a, PI in the plasma. The recovery of a, PI 
can be increased to about 50% in resuspended IV-1 paste 
through incubation at pH 9.4 and 40°C for 1 h, which is the 
starting material of this study. The recovery of 50% still rep- 
resents a significant loss. It is clear that affinity capture of 
a! PI from either effluent I or effluent II+III is more desir- 
able than starting with the resuspended IV-1 paste. We antic- 
ipate that the process presented here will be useful in proc- 
essing a, PI captured by the affinity capture step. It is of 
interest to note that a, PI can be purified from effluent II+III 
by cation chromatography. In addition, the present process 
of purification and viral inactivation may play a role in 
processing a! PI from future sources, including recombi- 
nant and transgenic systems. 
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CHARACTERISATION AND STABILITY OF A NEW ALPHA-1 
PROTEINASE INHIBITOR CONCENTRATE. 

Lopez M. Jose M, Costa M, Massot M. and Jorquera J.I. Research and Development Area. Institute Grifols S A Barcelona; Spain. 

* OBJECTIVE ! 

The human alpha- 1 proteinase inhibitor (a1 PI) or alpha-1 antitrypsin (AAT) is a serum glycoprotein of approximately 53 kDa. The main substrate is 
leukocyte elastase derived from neutrophils. Elastase is an enzyme involved in the proteolysis of the connective tissue. A1PI inhibits the activity of 
elastase produced by the neutrophils to protect the lung. This work presents a wide characterisation of the product, as well as its stability. 

MATERIALS AND METHODS — 

Six lots were studied for the following parameters: pH. protein (Bradford), water content (Karl Fischer), elastase inhibitory activity (chromogenic), 
specific activity, molecular distribution (HPIC), electrophoresis (CAME), accompanying proteins (immunonephelometry) SDS-PAGE and 
isoelectric focusing (IEF). 

In order to establish the stability of the product, different parameters were studied on 6 lots at temperatures of 5±3 °C, 30±2 °C (3 years) and 
40±2°C (12 months). v " 



RESULTS 

Table I: Characterisation (tr*6) 
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Table 2; Accompanying proteins (tt**6) 




IgC 
tgA 

Albumin 
Haptoglobin 
Transferrin 
('eru I op I asm in 



0.01 

1.25 
0.27 
0.12 
0.05 
< 0.01 8 



0.00.1 

0J5 

0.66 

0.14 

0.0.^ 
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Figure .f: Evolution of the elastase inhibitory activity. 
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Stability 

The evolution of the elastase inhibitory activity is plotted in the figure 3. 
No significant differences are noticed as refers to activity over the period 
studied. 

Other parameters studied such as turbidity, protein, specific activity, 
water content, etc.. do not show variations either, what indicates good 
stability of the product.. 



CONCLUSIONS 



The human A1PI concentrate. studied is ? lydphilised product with an elastase inhibitory actMtyM20 mg/ml after 
reconstitutibn.* , ' ' ' ' " v * 

It shows high purify^ ^ 

It remains stable for 3y<xrs;at knip0ratures between 2-9C and 30 °C . , 
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ALPHA-1 PROTEINASE INHIBITOR: ADJUSTMENT OF INDIVIDUAL 
THERAPEUTICAL DOSES. 

Lopez M, Munoz N, Costa M, Massot M. and Jorquera JJ. Research and Development Area. Institute Grifols S A Barcelona Spain 
OBJECTIVE 

• To study the possibility of unifying the alpha-, proteinase inhibitor (At PI) content of a number of vials into a single container in order to be able to 
use large volumes as required for each patient's treatment. 
To study the stability in polypropylene bags, after reconstitution. 

MATERIALS AND METHODS ~ . 

• Lyophilised product, 0.5 g and 1 g. Solvent: water for injection, 25 ml and 50 ml, respectively 

Composition per vial (1 g): Active A1PI: 800-1300 mg, Total protein: 1,45 g, Chloride: 107-284 m g> Phosphate- 71-143 mo 

• l^Sli^^Slr d0$39e ° f b39S thr0U9h 3 ***** fi!ter ° f 0 22 Mm ' empty bags with 0.22 M m filter in the filling port, sterilized. 

• The sterile dispenser used is a closed system for sterile volumetric dosage of solutions controlling, unit by unit the integrity of the filter 

• Analytical methods: Elastase inhibitory activity (chromogenic), protein (Bradford), monomer (HPIC), turbidity (nephelometry) pH and osmolality 

• Design of stability studies: Polypropylene bags. 100 ml capacity, containing 40 ml of reconstituted product (sterile filling system) 
Storage: Temperatures studied: 5 °C. 30 «C/ 60%RH and 40 •C/60%RH. Protected from light. Analytical follow-up at different intervals 

RESULTS — - 



Tabh I: Stability at S *C (mean ± SD) 





Odays 


7 days 


15 days 


1 month 


Elsstsse inhibitory 
activity (mg/ml) 


20.5 1 U 


20.2 1 0.7 


21.612.1 


22.6*2.0 


Protein 
(roj/ml} 


17.312 


17.0 ±1.6 


17.610.7 


1811.2 


Monomer {%) 


92.7 1 3.0 


82.5 1 3.0 


82.1 1 2.8 


82.8124 


Turtktrty 
JNTUr 


3.4 * 0.4 


3.4 1 0.3 


3.310.3 


3.1*0.2 


pH 


7.4110.18 


7.5210.01 


7.51i0.of ~ 


7.50*0.00 


OsmoUUtv 
(mOsm/kg) 


2A2147 


282 1 50 


282150 


287153 


Table 2: Stability at JO "C ( mean ± SO) 


Parameter 


0 days 


7 day i 


15 days 


1 month 


EU state inhibitory 
activity {mgftnl) 


20.S11.2 


20.312.1 


20.G12.6 


203 1 0.2 


Protein 
{mg/rnlj 

Monomer {%) 


17.3 ±2 
62.7 * 3.0 


17.811.5 
82.0 1 3.0 


17.6 1 0.8 
81.7*2.9 


18.111.1 
61.5*2.9 


turbidHu ~~ ' 
(NTUJ 


3.410.4 


3.310.2 


3.3 1 0.9 


1740.2 


PH 


7.«1 10.19 


7.5110.00 


7.51 1 0.00 


7.5010.00 




282*47 j 


283150 


284 150 


269 1 55 


Table J: Stability at 40 "C (mean ± SD) 


Parameter 


0 days 


7 days 


IS days 


1 month } 


EUstise inhibitory 
activity {mg/ml) 


20.5 ±1.2 


10.7 1 0.7 


19.010.8 


17.5 i 0.9 


Protein 
(mg/mlj 


17.312.0 


17 4H.7 


17.310.9 1 


17.211.3 


Monomer (%) 


82.713.0 


81.112.8 


78.112.9 


7312.1 


TurbWity 
PffU) 


3.410.4 


3.610.2 


4.4*0.6 


6.9*0.6 


PH 


7.4110.18 


7.5110.00 


7.51 10.00 


7.5310.00 


Osmolality 
(mOsmftrij 


282147 


2B3150 


289 153 


292 1 53 



Figure 1: Dosage of a source A1 PI solution from 
several small-volume vials into a final bag 
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Figure 2: Filling system 
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Additionally, after one month at 40 °C. no migration of the plastic additives (Irganox 
1010. Irganox 1076, Ethanox 330. BHT) studied to the A1PI solution is observed. 
A slight decrease in the weigh! of the sernipemwaWe final containers after 30 days at 
temperatures higher than 5°C is noticed. 
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VIRAL SAFETY OF AN ALPHA 1 PROTEINASE INHIBITOR (A1PI) 
THERAPEUTIC CONCENTRATE. 

Biescas H„ Ruiz P., Gajardo R. ( Ristol P., Massot M M Jorquera J. I., Research and Development Area, Institute) Grifols, S A, Barcelona, Spain. 



INTRODUCTION 

Pathogen transmission has been a concern in the past for some plasma-derived therapeutic concentrates. We present the strategy followed to maximize 
the safety of an A1PI concentrate, and the experimental results from viral elimination procedures applied to the concentrate, 

OBJECTIVE AND METHODOLOGY 

Many aspects contribute to the overall safety of the A1PI plasma-derived therapeutic concentrate. Firstly, the source material, plasma, is obtained from 
healthy donors complying with current regulations concerning blood and plasma donation. Serological testing for HIV ( Hepatitis B (HBV) and Hepatitis C 
(HCV) is required. Furthermore, plasma is tested by Nucleic Acid Amplification Technologies (NAT) for those viruses and for Parvovirus B19. Hepatitis 
A virus (HAV) NAT is currently being introduced. In addition, current European regulations require fractionation plasma pool testing for HCV RNA using 
validated NAT procedures. The plasma fractionation pool has to be HCV RNA negative before release. Moreover, the GMP manufacturing production 
process, which includes specific elimination steps, is likely to eliminate potential virus residual risks. Finally, Pharmacosurveillance contributes, in a last 
step, to the overall product safety. 

A1PI production process includes two specific virus elimination methods: Solvent-Detergent and Nanofiltration through 15 nm pore size. The efficacy of 
these two methods is evaluated here. 

This study reports results of virus elimination experiments performed in accordance with International Guidelines (1,2,3,). The manufacturing steps 
selected, SO and Nanofiltration, were reproduced at laboratory scale to mimic industrial conditions. Critical parameters were adjusted to evaluate the 
least favourable conditions for virus removat/inactivation. In particular, the SD concentration was reduced by 50% of regular manufacturing 
concentration. Three viruses that cover different sizes and physicochemical properties were investigated; Pseudorabies virus (PRV) as a representative 
for large (120 - 200 nm) enveloped ONA viruses, Hepatitis A (25 - 30 nm) and Porcine Parvovirus (PPV) as a representative of the smallest and most 
resistant viruses, and also a model virus for the Human Parvovirus B1 9. 

A volume of virus was inoculated into the industrial starting materials and each step was performed in a laboratory model. Residua! titers were 
determined by infectivity assays (TCIDso; 50% Tissue Culture Infectious Dose). Where no virus was detected a theoretical minimum detectable ievel 
(MDL) was used based on a 95% Poisson distribution probability (limit of detection for the assay). 



RESULTS 



Overall Reduction capacity of virus elimination studies for 
the A 1PI manufacturing process 
Reduction Factor (RF) expressed in tog 10 TCID S0 
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Kinetics of Inactivation 

ot 50% dilution of Solvent Dotcrgwt reagent for an onwiopod modcf virus (PRV) 



Total viruo litre 
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DISCUSSION 



The virus validation experiments of two steps of the 
manufacturing process of the A1 PI concentrate showed 5.4 
log 10 reduction of viral load during the Solveht-Detergent . 
treatment for an enveloped model virus (Pseudorabies) 
and about >4.0 log, 0 reduction during the Nanofiltration 
step for the smaller viruses HAV and Porcine Parvovirus 
Therefore, the overall reduction capacity for enveloped \ 
viruses can b<e estimated to be hjgherthan 9 lpg ie of virus 
load, thus confirming the extensive experience that the SD 
mechanism highly contributes to the safety of plasma 
derivatives Theeffectiveness of the nanofiltration through 
Planova-j 5 filters removing viruses larger than 15 nm is 
also evidenced In addition, other purification steps may 
also contribute toward the overall safety of the product. 
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